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NEW WAYS IN F 


@ To inspire and instruct farmers in the adop- 
tion of soil conservation measures and other 
advanced farm practices, by more efficient and 
more extensive use of modern farm machinery, 
Case has produced the sound films, booklets, 
charts and posters listed here. All are pri- 
marily educational; some are also sales promo- 
tional. All deal mainly with problems and pro- 
cedures with which agricultural engineers are 
concerned. Engineers, extension workers, 
county agents and other agricultural leaders ' 

or educators are invited to make free use of |=) Sone Of Srcvular arm 
them. Films are in full color, with sound, 16mm. me] ony eon = 
width. Loans of prints for specific dates should =" sive operation views and 


; “we simple sketches show es- 
be requested weeks or months in advance. | Sential steps. Wall chart 
- and booklet of similar title 


4 also available. 
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© Planning and general pro- © 
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. “4 % . 
_ A general treatise on the © 
‘ purposes and procedures - 
' of soil conservation; some 
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d - 
BH ) attention to construction | 
and maintenance of broad- 
base terraces with the one- | 
way disk plow. Supple- 
mented by wall chart and © 
booklet “‘Win Against 
Water.” 
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.~ Tested construction meth- — 


' ods for eastern and mid- 
 western-type terraces, us- 
_ ing the one-way disk plow. 


*® Round-by-round proce- 


_ dure is shown by field 
“~~ scenes and sketches. Ask 
also for wall chart and 
* booklet ‘‘Win Against 
~ Water.” 


“\ Field scenes and colored 


| sketches showing round- 
_ by-round procedure for the 
. “tsland” system as devel- 
- oped by field men of the 
’ U.S.D.A. Soil Conservation 
| Service. Wall chart and 


* booklet have similar title | 


and scope. 


Advantages of contour | | 
farming and general sug- | ~ 


gestions on procedure 
shown by field scenes and 
semi - animated drawings. 
Covers same scope as the 
booklet of same title. A 
striking wall hanger points 
out three main advantages 
of contour tillage. 


TO SCHEDULE FILMS AND TO SECURE 
SAMPLES OR SUPPLIES OF POSTERS, 
CHARTS AND BOOKLETS, CALL OR 
WRITE YOUR CASE BRANCH OR THE 
J. I. CASE CO., RACINE, WIS. 


_ Portrays a system for mak- | 
- ing hay of highest quality. 


_ Right time for cutting, 
| windrowing and_ baling 


- are emphasized; also mer- | 
_ its of Case machines for — 


the system. New edition of © 
' booklet titled “How to © 


Make High-Protein Hay.” | 


_ Reviews 100 years of evo- © 
- lution of farm power and © 
* machines, from hand flail- — 
_ ing and winnowing to — 


““. modern combine harvest. | 


' Brings in the pioneer — 
_ achievements of Jerome | 
I. Case, the Company’s | 


S 
: founder, in advancing food | 


{ production. 


| Summarizes the history of | 
© grain-saving from days of © 


© the horse sweep-power and 


hand-fed thresher to the | 
modern combine. Empha- 
sizes reduction in labor ; 
and elimination of drudg- | 
ery by combine harvest of | 


= seeds and grains. 
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Milk production goes up 
30% when 2 purebred lines of 
dairy cattle are crossed to pro- 
duce new hybrid milker. The 
principle of the cross-bred dairy 
cow’s increased production is the 
same as is now widely used in the 
production of hybrid corn. 


i a 


Performance goes up with 
gasoline, too, when it’s used in 
a high compression engine, be- 
cause of this principle: Each ad- 
ditional pound per square inch 
of compression pressure before 
ignition gives approximately four 
additional pounds per square 
inch of pressure on the power 
stroke after ignition. Result: 
High compression gasoline en- 
gines mean more power plus 
= greater convenience. 


Sound principles pay off on the farm high compression gasoline tractor delivers more power 


| Using new principles to increase production is an old on less fuel and is also easier to start, cleaner to operate 
| practice in farming. More than ten years ago, engineers and more dependable on the job. 
: introduced high compression engines in tractors to step That’s why today, more farmers use high compression 
up power and cut fuel consumption. As a result, today’s gasoline tractors than any other type. 
i 9, _ ; a. a Reatiares rei ee Shi a 
| | hs a matter of printyle- 
“y : ETHYL CORPORATION, Agricultural Division, Chrysler Building, New York17, N. Y. 
t Manufacturer of antiknock fluid used by oil companies to improve gasoline. 
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EDITORIAL 


A Dynamic Approach 


A “Teaching Seminar” might sound like the height of 
A pedagogic isolation from the mundane practical prob- 
lems of life. 

But where the teachers concerned are agricultural engi- 
neers; when there is a world crisis in food — 
when there is a postwar shortage of all types of engineers, 
including atid ase engineers; when war-decimated col- 
lege departments of agricultural engineering are in the 
nuidst of reconversion to accommodate a postwar backlog 
o! young men seriously intent on preparing themselves for 
lives of service in agriculture and its related industries, it 
becomes a highly practical approach to the very foundations 
(: progress. 

One of the healthiest signs that can be seen in any 
¢roup, anywhere, any time, is open recognition of room for 
improvement in its accomplishments and results. Dominat- 
ing spirit of the Agricultural Engineering Teaching Seminar 
ot Purdue University, August 30 to September 4, was recog- 
nition of opportunity for improvement, and concentration 
on ways and means of accomplishing it. 

With 150 teachers of all ranks, from all primary agri- 
cultural regions of the United States and Canada, brought 
together in concentration on this problem, there was more 
than a casual exchange of academic views and information. 
There was pressure, individually and collectively, to con- 
sider all of the angles and to assimilate the best information 
applicable to specific problems which will confront the vari- 
ous departments and individual teachers in the new school 
year; to be prepared to meet those problems with renewed 
vigor. 

Agricultural engineering teachers have a responsibility 
to themselves, to agricultural engineering, to the teaching 
profession, and to agriculture— to build and maintain a 
reputation for a dynamic subject matter, dynamically taught. 
The Seminar was a dynamic approach to their immediate 
problems in living up to that responsibility. 


Ag Engineers in Watershed Control 


— and water conservation practices are obvious influ- 
ences on farm power and machinery, structures, and 
electrification. Tillage and dirt-moving equipment, cropping 
systems, livestock programs with their related buildings and 
electric uses, and farm _—— power, are particularly 
sensitive to progress, and to the remaining sins of omission 
and commission in the farm handling of soil and water. 

Agricultural engineers in other branches of the field 
who want to keep reasonably well informed on soil and 
water conservation progress, and its possible implications 
to them, will be particularly interested in the paper, en- 
titled “Agricultural-Engineering Problems in Watershed 
Planning,” by A. W. Zingg, found elsewhere in these pages. 

Precipitation in Montana, Minnesota, and Pennsylvania, 
which is of economic interest in Louisiana, Mississippi, and 
wayside points, is bound to be the subject of endless con- 
troversy. Conflicts of interest arise, not only between agri- 
culture and other uses, but between agricultural areas and 
between neighboring farmers. Controls at any one point 
may be positively destructive to farming interests at or near 
that point, while having little or no measurable effect up- 
stream, and problematical value downstream. 

Zingg lists seven needs of agricultural watersheds which 
con be economically met in some measure in specific cases 


by application of six general types of controls, individually 
or in appropriate combination. 


It is particularly significant that “‘on small upland areas, 
a land program, including ponds and small storage devices 
for beneficial local uses, will often provide the only man- 
agement of runoff that is feasible. . . . Such controls and 
uses of water are beneficial to all downstream points and 
have no conflict with any other conceivable control or use.” 

Of the six general types of controls, four are applicable 
to this upstream engineering, and on the scale of operations 
involved, are largely matters of agricultural engineering. 
They are conservation farming methods, dams, diversions, 
and drainage ditches. The other two controls, stream recti- 
fications and levees, are of limited application in upstream 
engineering. 

From this viewpoint it appears that agricultural engi- 
neers in soil and water conservation have the opportunity 
to make a major contribution to watershed control, without 
becoming involved in the slugging matches between con- 
flicting interests. Agricultural engineers in other fields will 
find new opportunities to implement this work, and the 
improved farming which will follow. 


Family Farm Opportunity 


|. eye in a report to the governor and people of the 
State of New York is a point so timely it might well 
be headlined, broadcast and set to music to be carrilloned 
from “far above Cayuga’s Waters” to a world wandering in 
a wilderness of post-war economic confusion. 

The report: The 58th Annual Report (1945) of the 
New York State College of Agriculture and the Cornell 
University Agricultural Experiment Station. 


The part: Summary of a farm-labor simplification 
project. 
The point: “ in general, over a period of time, 


labor, whether in agriculture or industry, is paid for what 
it produces, and according to what it produces.” 

For the sake of argument, we might add that manage- 
ment and capital are similarly paid for their respective con- 
tributions to economic production. 

It is particularly significant in these times that in farm- 
ing, labor, management, and capital are so closely related. 
Often the return for each service or factor in production 
ends in the bank account of the same family. 

From a cost-accounting standpoint the contribution of 
each may be computed, as a guide to balance and effective 
use in production, but from a standpoint of social or eco- 
nomic justice, or net income, the farm family which is a 
fairly complete agen. unit has no quarrel within itself 
as to which pocket receives the most money. It is free to 
operate without the factional friction which is delaying 
production in some of the large corporations. 

Substantial progress has been made, and is continuing, 
in farm understanding of basic factors in production and 
income. 

A sound lesson has been learned in the fact that the 
economic production of a farm is measured not only in 
bushels and tons, but by demand as well. 

It has been made clear that demand, even for food 
products, is extremely sensitive, not only to world politics 
and production, but to domestic production costs and buy- 
ing power. Production costs are subject to some measure of 


control by the farmer. (Continued on page 422) 
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Products of 
INTERNATIONAL HARVESTER 


ANA 


INTERNATIONAL a < 


INTERNATIONAL Trucks 
FARMALL Tractors 
for Better Farming, Better Living 


q 


== 
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POWER PARTNERS ... International Trucks 
and Farmall Tractors! Here’s a combination 
of modern farm power that leads the way 
to better farming and better living. 

International Harvester quality is built 
into International Trucks from bumper to 
taillight. Forty years of all-truck truck 
manufacture stands behind them. And In- 
ternational’s famous after-sale service keeps 
them on the job. 

The demand for new trucks will far out- 
strip production for many months to come. 
Give your present truck the best of care 
and maintenance. Get expert truck service 
by truck specialists at the sign of the INTER- 
NATIONAL Triple Diamond. 


INTERNATIONAL HARVESTER COMPANY 
180 North Michigan Avenue Chicago 1, Illinois 


L- Listen to “Harvest of Stars” every Sunday, NBC Network. See newspapers for time and station. 


INTERMATIONAL Perea segenmnaeneeneenceneneeseeerieeanpennenn 
WARVESTER 


Aasil ini’ INTERNATIONAL | 
| ‘: Pere with FARW ALL 
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More farmers want 
International Har- 
vester FARMALLS 
than any other make 
of all-purpose farm 
tractor. FARMALL is 
the favorite based 
on experience... 
the leader in eco- 
nomical, all-around, 
dependable farm 
power. A size for 
every farm.Counton 
the FARMALL SYS- 
TEM, the leader for 
23 years, the leader 
today, the leader in 
paving the way to 
still better farming, 
still better living. 
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A Coordinated Design of Farmstead Structures 
for Improved Efficiency 


By W. R. Peterson 
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4 E usually consider ourselves a forward and pro- 
gressive people, yet our thinking is still largely 
influenced by tradition and past practices. This 
is particularly true in the older agricultural arts, such as 
‘rm building design. 

Even in the newer arts, such as farm tractor design, we 
vere several years in realizing that engine power could be 
nore efficiently applied if taken directly to a machine 
hrough a power take-off shaft, rather than first converting 
this power to tractive effort and then subsequently picking 
ii up through ground drives and gear trains. If the horse 
had been equipped with a power take-off, we would not 
have fallen into this error. In many other cases the physical 
make-up of both man and beast have been the determining 
factor in machine and building design as well as in field 
practices, and dimensions resulting from such physical make- 
up have persisted after the reasons for their continuance 
have disappeared. One of our friends in another profession 
remarked a few years ago, with a great deal of truth, that the 
horse’s rump has had more to do with the spacing of corn 
rows than all the engineers and agronomists put together. 

By the same token many building dimensions have been 
developed to accommodate the workman, the manure 
spreader, or other implements, and the space required to 
store loose hay. The following examples are cited: 

1 To clean mangers and perform feeding operations 
efficiently by manual methods, it has been found desirable 
to have feed alleys about 4 ft wide. 

2 To promote quick removal of manure, it has been 
desirable to provide enough room to drive through the 
barn with a team of horses 
and a manure spreader. 
This requires about 8 ft of 
width if the workman is 
to have room enough to 
work, 

3 With the tendency 
toward lower roof lines, 
the storage of loose hay 
overhead has created a 
need for barns of consider- 
able width. 

These design factors 
have resulted in barn 
widths of about 36 ft, or 
about 65 sq ft of floor area 


pt 


oe 


rm 4a 


This paper was presented 
at the annual meeting of the 
Anerican Society of Agricul- 
tural Engineers at St. Louis, 
Mo., June, 1946. 

W. R. PETERSON is resi- 
dent engineer, experimental 
farn, International Harvester 
C: npany. 


Air view of farm buildings arrangement at the International Harvester 
Experimental Farm near Hinsdale, Illinois 


per cow. This, with ordinary types of construction, is not 
excessive in cost, but the cost is likely to be high enough 
that the farmer cannot tolerate too many frills, such as fire- 
resistant construction and built-in machinery. We are re- 
ferring now to the average good dairyman who may be 
located anywhere and who may be selling cream to cream- 
eries, or milk to cheese factories of condenseries. We are 
not referring particularly to the dairyman in the fancy price 
areas, to whom building costs are obviously of less impor- 
tance than to the producer of lower priced milk, although 
the dairyman in the fancy price area is not excluded from 
consideration, for he too is interested in low building cost 
and high efficiency. 

To us it seemed that mechanisms for handling feed and 
wastes superimposed on building costs which are already 
quite high was not likely to be a good answer, and yet there 
is clearly a demand and a need for mechanisms of this na- 
ture. With this idea in mind, we began casting about for 
ways to mechanize the farmstead without adding too much 
to building costs. 

Our primary interest is in a small dairy farm, which 
we are developing in conjunction with our other research 
activities. In setting up a system for this farm we first ac- 
cepted the following as logical limitations: 

1 No tractor exceeding 20-22 bhp is likely to be avail- 
able to the farmer, or to his neighbors, who are also small 
operators. 

2 The number of machines necessary for farm opera- 
tion shall be kept to a minimum. 

The following advantages are presumed to exist: 

1 The farm shall be 
completely equipped so as 
to leave the farmer in full 
command of his own oper- 
ations without the need of 
depending on custom oper- 
ators, except that in some 
cases, such as the field 
baler, field ensilage cutter, 
corn picker, and corn shell- 
er, the operator will co- 
operate with one or two, or 
more, of his neighbors for 
the purpose of reducing 
machine investment and 
forming an efficient crew. 

2 A reliable source of 
electricity is available. 

3 The operator shall 
be of average intelligence 
and shall have a congenial 
attitude toward machines 
and be sympathetic toward 
good farm practices. 
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4 It is further presumed that at least part of the time 
saved by mechanization shall be utilized in productive en- 
terprise and not squandered in unproductive activity. That 
is, time saved in the barn would be utilized to care for an 
increased livestock population. 

We first decided that the mechanical handling of farm 
crops from the field to storage should be done with an effi- 
cient all-purpose wagon capable of delivering any field 
crop, by means of a self-contained elevator, to a reasonable 
height, that is, 10 ft or less. We envisage this all-purpose 
wagon as a two-wheel, rubber-tired wagon with a hitch de- 
signed to take the labor, strain, and danger out of the 
coupling and uncoupling process. The elevator may be 
powered either through the power take-off, or by a supple- 
mentary motor unit. 

In our design of farm buildings we have “ages that 
this wagon will be available. We have hereby eliminated 
two costly devices for elevating field products into storage, 
namely, the elevator and the silage blower, and have made 
unnecessary the heavy tractor which is generally considered 
to be needed for operating the silage blower. 


SPECIAL EQUIPMENT TO BE USED TO ELIMINATE LABOR 
OF HANDLING BALED HAY AND STRAW 


To eliminate the labor which results from repeated 
handling of baled hay and straw, we propose to borrow a 
age from industry and collect these bales in small lots of 
about 11 to 2 tons each on light, low-cost pallets, or bale 
sleds, on which these bales will remain until they are ulti- 
mately fed or used for bedding. For easy, rapid transport 
the pallets will be moved on a very simple, low-down, two- 
wheel truck, like a buck rake in reverse. These pallets will 
be loaded directly from the pickup baler and immediately 
covered with canvas or waterproof paper. 


If the pallet of hay is to be stored temporarily outdoors, 
it will be covered by canvas until such a time as it is con- 
venient or expedient to move it indoors. If the pallet is to 
be stored permanently outdoors, it will be covered with a 
low-cost asphalt paper, such as Sisalkraft, which will remain 
in place until the hay or straw is to be used. Preliminary 
research indicates that this outdoor storage may be accom- 
plished at a very reasonable cost. 


The pallet system with either temporary or permanent 
outdoor storage has one advantage with respect to hay qual- 
ity. If this system is fully exploited, it should be possible 
to bale hay with a moisture content sufficiently high to pre- 
vent undue loss of leaves and carotene. If loosely tied, 
covered, and stored outdoors for a time, we are confident 
that the farmer can thereby realize a satisfactory forage 
product at a very reasonable cost. The covers for these 
stacks of bales would be such as to divert rainfall from en- 
tering the stack, and yet permit relatively free circulation of 
air. The danger of barn fires through spontaneous com- 
bustion is also eliminated by this approach. 


If indoor storage space is not to be provided, the pallets 
with their loads of hay will be stored in the yard in some 
out-of-the-way spot. When needed for feeding. the pallets 
will be picked up and moved to a location near the barn, 
most likely under an extension of the barn. When the hay 
or straw on the pallet has been used, the pallet will be fold- 
ed and stored until the next season. 

Another advantage of this system of handling hay is 
that, in the event of threatening weather, the hay can be 
covered quickly and left standing in the field while the bal- 
ing operations continue without the long interruptions 
which invariably result from hauling to the barn and un- 
loading the bales into conventional storage space. 


* * * 


The upright round silo has been widely accepted by 
dairy farmers throughout the country, and there is no ind/- 
cation that it will be discarded. For the small operato:, 
however, it has a number of disadvantages: 


1 Since the upright silo must always be at least 35 to 
40 ft high to insure good quality feed, the small operator 
enjoys practically no relief from the demand for a large 
tractor to operate the blower. 

2 In severe winter weather an excessively high percen'- 
age of the silage will freeze, making removal difficult an | 
feeding results unsatisfactory. 

3 Silo cost per unit capacity is quite high in the smaller 
diameters of silos. 

4 The time required to climb into the silo and return 
from it when removing silage is excessive as compared with 
the actual time required to remove the silage from the silo. 

5 It is not feasible for the small operator to have both 
corn and grass silage even though other conditions indi- 
cate he should have both, since the diameter of each silo 
would be so small and the unit capacity cost so high that 
the average operator could not tolerate the overhead cost re- 
sulting from the duplicate structures. 


Because of the handicaps of the upright silo, we have 
decided in favor of a trench silo, to be built parallel to the 
row of cows. This trench silo is to be built 15 ft deep, 6 ft 
above grade, and 9 ft below grade. The above-grade por- 
tion is confined to a 6-ft height to permit lighting the stable 
through a 2-ft height of glass above the silo wall. This 
wall, the inside wall of the silo, is also the outside wall of 
the stable. Having this wall common to both structures will 
reduce construction cost and also reduce heat losses from 
both stable and silo. Another reason for confining the silo 
height above grade to 6 ft is that this permits filling rapidly 
by means of the self-unloading wagon, which has already 
been mentioned. 

A width of 6 ft has been chosen to prevent excessive top 
spoilage and to keep machinery costs down to a minimum. 


TRENCH SILO WILL CONTAIN SUFFICIENT FEED FOR 
COW THROUGH A NORMAL FEEDING SEASON 


The cross sectional area of this silo is such that a length 
of silo equal to the width of a cow stall will contain sufh. 
cient succulent feed to care for that cow through a norma! 
feeding season. This feature of design has been chosen to 
make it easy to keep the size of the herd and size of the silo 
in balance. Obviously, each added stall will require added 
length for the barn and silo, thus with one standardized 
machine for removal of silage almost any size of herd can 
be accommodated. 

The machine to remove silage will advance horizontall; 
through the length of the silo, removing silage from a ver 
tical face by means of buckets traveling in an upward direc 
tion. This silage will be deposited in a hopper suspende: 
on scale beams. When the necessary amount for one feed 
ing has been accumulated in the hopper, the elevatin; 
mechanism will be stopped and the filled hopper returne: 
to the end of the silo, ta it will be coneak into a device 
for portioning the silage to the cows. 

I will enumerate an advantage of this system of silag- 
removal. It is likely that, for various reasons, a farmer may 
wish to make both grass silage and corn silage. In choosin 
dimensions we have anticipated this possible desire. As 
stated before he will not wish to have two small silos. 
Neither will he care to put two kinds of silage into an up- 
right silo, since this would mean a midseason change :0 
feed — an undesirable practice. 

With a trench silo, emptied from the end and filled 
from the top, the farmer will be permitted, if he wishes, to 
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have two kinds of silage stored in the same silo and will 
be able to feed these two kinds simultaneously in the same 
ratio as they exist in the silo. If grass is to be ensiled in 
June and corn in September, there will probably be some 
spoilage during the time between. We believe, however, 
that with careful attention to the top surface after filling 
p'us the use of some sort of preservative, such as salt, the 
loss through spoilage can be kept very low. We hope that it 
c.a be kept so low that removal of the top surface previous 
te the fall filling will be unnecessary. Similar treatment 
fv !lowing the fall filling with corn should result in very 
low losses at this time. 

Considerable salt can be tolerated as a preservative since 
ii will become thoroughly mixed with the silage in the 
hondling process and will never appear in an excessive 

nount in the daily ration. 

It is a well-known fact among farmers that frequent 

. tention to the top surface for about two weeks following 
lo filling will reduce losses from top spoilage to a figure 

‘nat becomes negligible. By avoiding the long difficult 
.imb to the top of a tall silo for this daily chore, proper 
_ttention to the top surface will be promoted with resulting 
‘owered losses. 

Another distinct advantage of the trench silo is that it 
vray be refilled repeatedly without the labor and hazards 
cf erecting a blower several times. 


In our earliest consideration of barn mechanization we 
were trying to conceive a system of mechanized feeding 
that would convey the various feeds along near the manger 
and empty these feeds into the manger in amounts appro- 
priate to the needs of the individual cow. It soon became 
cvident that the problem of doing this and keeping every- 
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thing clean was almost impossible to solve and must always 
result in high capital costs. 

We finally concluded that the answer lay not in con- 
veying the feeds to a manger, which must later be cleaned 
by hand and much machinery with it, but in letting the 
manger itself come to a focal point for filling and then 
traveling to the cow for feeding. On the return trip the 
manger would be cleaned, and it may be sterilized by heat 
or ultraviolet light, or by a chemical wash. An endless 
metal, cotton, or glass fabric belt appears to offer the great- 
est promise in barns of ordinary lengths. Either rubber or 
some plastic impregnation such as vinyl resin would be 
necessary on the cotton or glass fabric belt. 

Through this simple device several things have been 
accomplished, as follows: 

1 The feed alley has disappeared so the cow has no 
inaccessible place in which to toss her hay and silage. 

2 Four feet of building cost and heat loss has been 
eliminated. 

3 The herdsman’s feet and broom have gone from the 
manger with their attendant risks of infection and disease. 

4 The time and labor required to feed and clean have 
been saved, allowing the operator to take care of other de- 
tails of his work. 

Time will not permit thorough discussion of the me- 
chanical details of the feeding mechanisms, but these de- 
tails have been developed to a point where we are confident 
that the most exacting dairyman will be well satisfied with 
the precise manner in which the various feeds can be por- 
tioned out to the individual animal according to her par- 
ticular needs. 

As mentioned before the total weight of silage necessary 
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View of cutaway model showing some details of the dairy farm feeding mechanisms discussed in Mr. Peterson's paper 
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for one feeding for the entire herd will be collected and 
weighed in the silo and returned to the end of the silo 
which adjoins the silo room, or more properly, the feeding 
room. This silage may be divided among any number of 
cows in any proportions desired, even to the point where an 
empty stall will be by-passed in the feeding process. This 
particular problem was a difficult one, and for a time it 
appeared that there was no simple practical answer. Finally, 
however, a relatively simple solution was reached which 
involves only the simplest machine elements. 

Next we come to the hay feeding part of the mechan- 
ism. It is our plan to feed baled hay. As regards the 
mechanisms for hay and grain, we did not have the 
problem of completely emptying a supply hopper as we did 
with silage, since hay and grain which are not fed immediate- 
ly will not deteriorate as silage will. The hay bales are placed 
in a rectangular trough at the end of which is a sort of 
beater or shredder which removes hay from the end of the 
bale and deposits it in the manger as the bale is forced 
forward by a pair of chains and a cross bar. The move- 
ment of these chains and cross bar is intermittent, and the 
duration of each forward move determines how much hay 
that particular cow is to get. By simply lifting a small pin 
and placing it in the proper hole the amount of hay for the 
individual cow is determined and she will continue to re- 
ceive just that amount at each feeding until another change is 
made in the position of the pin for that individual cow. If 
cow is absent from her stall for any reason, the pin is simply 
removed and no hay will be placed in front of her stall. 


GRAIN FEEDING WILL BE ACCOMPLISHED BY GRAVITY 
FLOW FROM BIN ON UPPER FLOOR 


Grain feeding will be accomplished in the same manner, 
with the grain flowing by gravity from a bin on the upper 
floor onto a fluted wheel. As the wheel rotates it will re- 
move grain from the bin and place it in the manger. Con- 
trol will be identical to that used for the hay and adjust- 
ment of the amount of grain fed will be accomplished in 
the same manner. 

These two feeding operations, hay and grain feeding, 
will thus require that there be provided two control bars 
for each stall, with one adjusting pin for each bar. These 
bars will be actuated by means of lugs on the manger belt, 
or, more likely, by lugs on a separate chain synchronized 
with the manger belt. 

The entire bank of control bars for hay feeding will 
operate a common switch through a simple mechanical link- 
age. The entire bank of control bars for grain feeding will 
operate a second switch through similar linkage. For con- 
trol of silage feeding two switches will be required. 

In addition to these controls just mentioned, there will 
be three manually controlled switches for selection of the 

roper feeding cycle, that is, to feed silage and grain, or to 
Fe hay; or any one may be fed alone or all three together. 
If the herdsman wishes to feed a proportionally reduced 
amount, such as a light midday feeding of hay, this too can 
be easily accomplished with one very simple adjustment 
which will not upset any of the adjustments for the indi- 
vidual cows. 

Manure removal and barn cleaning have been care- 
fully considered, and although no final choice has been 
made in this respect, some mechanical assistance will un- 
questionably be employed. It does not appear likely that an 
endless traveling chain with flights crosswise of the gutter 
can be justified since the cost of this system appears to be 
out of proportion to the time that can be saved. 

Mention has been made ofa litter alley about 4 feet 
wide. This width would be quite satisfactory for barns of 
10 to 15 cows capacity, but would likely need to be in- 
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creased slightly for larger herds to prevent undue crowding 
and confusion while the cows enter and leave the barn. _ 

In the small barn the side opposite that used for the 
cows will be taken up by the bull pen, maternity pen, caf 
pens, dairy room, and vestibule. 

Feed storage, except ear corn, would be provided above 
the stable, with facilities for weighing, grinding, mixin. 
and placing in convenient bins or hoppers for the dai-y 
stable, hogs, chickens or other needs. 

To say that this design is compact is probably an unde:- 
statement. We have intentionally kept all dimensions to a 
minimum for reasons which have already been stated. We 
incline to the belief that full mechanization of farm chor.s 
is just as natural an objective as any other mechanization 
problem and that the time to be saved during a full yeur 
probably exceeds that which can be saved through any othr 
single move toward mechanization. 

The small farm with diversified activities is probably 
more in need of a mechanization program than is the larve 
one because the proportion of time spent between jobs to 
the time spent on the job is greater where the jobs are small 
than where the separate jobs are large as in the case of the 
large farm. 


A SYSTEM OF MECHANIZATION SUPERIMPOSED ON HIGH 
BUILDING COSTS BELIEVED JUSTIFIED 

As stated before, however, we have felt that we could 
not justify a system of mechanization superimposed on 
building costs already quite high, which accounts for our 
effort to achieve compact and efficient design. 

We have collected some data in the barn which is now 
in use at our farm, with respect to the time required to do 
the chores which we have assumed can be mechanized. Our 
barn is probably about average as it affects labor efficiency 
and the men who do the chores are average workers. 

We find that our chore time per cow is 5.7 min in a herd 
of 35 cows. This time requirement per cow for a herd of 
15 cows would result in a total time demand of 85.5 min 
per day. If we now further assume that 75 per cent of this 
time can be saved, we would have a saving of 64 min, or 
1.07 hrs per day. For a feeding season of 180 days, the 
total time saving would be 192 hrs. If 40c per hr is taken 
to be the labor cost for farm help, we would achieve a sav- 
ing of $77 per year. Again making an assumption that the 
life of the barn and machinery would be about 121 years, 
a figure that has been used elsewhere in similar analyses, we 
will arrive at a value of $962 for those mechanization fea- 
tures which have been discussed here. 

Calculations of building costs indicate that the reductiou 
in cost of construction, not considering the silo, would 
equal or exceed this labor-saving value. 

In view of these qualifying factors, it seems quite ev. 
dent that, if these labor-saving devices can be installed in 
barn of reduced dimensions at a cost of less than $2,00: 
a cash profit is indicated. A fur‘her profit, of a more a’ 
stract nature, would lie in the more congenial type of wor. 
which would result from this system of mechanization. 

It is conceivable that this mechanization could be carri« 
to a point where it would become fully automatic, and th: 
feature of design has not been ignored. It would invol'¢ 
nothing more than a system of interlocking electrical circu: s 
which would carry through an entire feeding cycle wh a 
once started by a manually controlled switch or a time cloc.. 

We believe, however, that animal life, subject as it is 0 
illness, dietary upsets, weather changes, etc., is such that it 
requires some of the operator's time for careful observation 
of animal condition. During this same time he can eas: 
start the various phases of the feeding cycle, making avy 
minor change that animal condition indicates is necessa‘\. 
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Agricultural-Engineering Problems in Watershed Planning 
By A. W. Zingg 


MEMBER A.S.A.E. 


WISH to express some thoughts concerning the utiliza- 
T tion of our resources in the humid agricultural regions, 
AL centering near the location where we are meeting today. 
The most important resource of this Midwest region is its 
agricultural production. Closely allied with the sustenance 
o: this production is the wise use of another great resource, 
namely, water. 

In planning the use of agricultural lands and water we 
soon come to the realization that the two are inseparable. 
‘The agriculturist is faced with the problem of managing 
iands in such a way that a maximum of precipitation is uti- 
zed for crop production. At the same time he must pro- 
‘ect them from physical damage by runoff. The engineer is 
confronted with the problem of dispasing of and utilizing 
excesses of water all the way from the farm to the Gulf of 
Mexico. Productive farm lands also exist throughout or ad- 
jacent to the entire pathway of the drainage system. No 
one disputes the fact that we need a higher control of run- 
off throughout its entire course. Likewise, where the poten- 
tiality and demand for functional uses of water is great, it 
is only reasonable that provisions should be made for their 
development. 

By the nature of his training and experience the agri- 
cultural engineer is in a favorable position to contribute to 
the planning necessary to adapt controls and uses of water 
to the primary resource of the region. I also believe he has 
an educational function to perform: first, to bring about 
a better understanding of the needs for various controls and 
functional uses of water; second, to define more clearly 
their physical limitations, and, third, to point out the con- 
flicts which are common to various controls and uses. 

Watershed planning is the development of a plan which 
will provide an optimum control and use of water and other 
related resources of a given watershed, as equitably modified 
to assist in meeting the needs of the primary river system 
to which it contributes. A watershed will be considered a 
headwaters tributary to a primary river system. It will ordi- 
narily comprise a land area of a few thousand square miles. 

Some of the pertinent needs of an agricultural water- 
shed are (1) erosion controls, (2) consumptive uses of 


This paper was presented at the annual meeting of the Ameri- 
can Society of Agricultural Engineers at St. Louis, Mo., June, 1946, 
as a contribution of the Soil and Water Division. 


A. W. ZINGG is water engineer, Missouri State Department of 
, Resources and Development. 
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water, (3) abatement of floods, (4) land drainage, (5) 
public health measures, (6) recreation, and (7) a more 
favorable habitat for fish and wildlife. 

The devices to be employed in planning are (1) con- 
servation farming methods, (2) dams, (3) diversions, (4) 
drainage ditches, (5) stream rectifications, and (6) levees. 
These, and possibly others, must be assembled in an orderly 
fashion to yield controls and uses of water throughout the 
area as needed. 

The rate of soil loss is excessive in the glaciated areas 
of the Midwest. The silt burden of streams is also tre- 
mendous. In general, the seriousness of this condition has 
been increased by more intensive cropping during the war 

eriod. 

Methods for alleviating this problem are fairly simple 
in principle. The rolling prairie lands of northern Missouri 
afford a fair illustration of the needed adjustments. A con- 
siderable portion of the hill lands should be retired to hay 
and pasture. Other portions of them will be terraced and 
continue to be cropped to grain and intertilled crops under 
better management systems. Farm ponds will be built, pri- 
marily for the functional use of providing water for live- 
stock. Their numbers and distribution will be such that a 
maximum of forage may be utilized by grazing methods. 

About 15 per cent of the total land area of this region 
is comprised of alluvial lands along numerous small streams. 
The abatement of storm runoff and the control of erosion 
will permit a more productive use of these numerous and 
widely distributed bottom lands. A more intensive use of 
bottom lands will tend to complement a less intensive use 
of hill lands. In many instances this is the key to the suc- 
cessful adoption of balanced farming systems. The comple- 
mentary use of hill and bottom lands also tends to stabilize 
the farm economy under extremes of climate. In extremely 
wet years the hill lands produce abundantly, while in 
drought years production from bottom lands is usually cap- 
able of sustaining the farm enterprise. 

We need greatly a better understanding of just what a 
land program will do, or will not do, in abating floods. To 
this end it is of interest to review the reductions determined 
by the U. S. Department of Agriculture in evaluating land 
programs for several watersheds. 

The average flood reductions are of the same general 
magnitude as shown in Fig. 1. This reduction, in per cent, 
decreases with the amount of runoff. During the growing 
crop season, May through September, the reductions vary 
from approximately 30 per cent for one-half inch of runoff 
to about 10 per cent for a runoff as great as 4in. During 
the dormant crop season, October through April, the re- 
ductions are on a lower level. For one-half inch of runoff 
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Fig. 1 (Left) Average flood reductions determined tor land programs by various flood control surveys ¢ Fig. 2 (Right) Frequency of 
damaging floods on the Meramec Basin 
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they are about 12 per cent and decrease to 
approximately 2 per cent for a runoff of 4 in. 
As would be expected, the reductions de- 
termined for the southern part of the United 
States tend to show less contrast for the two 
seasons represented. Those for the watershed 
of the Little Colorado River, in Texas, are 
not substantially different for this break- 
down by seasons. 

Other factors being normal, the fre- 
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quency with which flood plain lands are dam- | 
aged by overflow varies with the size of the 
contributing watershed. This fact is illus- 
trated by the results of a recent study of the 
Meramec River watershed in eastern Mis- 
souri. The average number of outbank flows 

on various reaches of this watershed are 
shown in Fig. 2. In this instance, the stream 
channel capacity is exceeded about six times annually on 
drainage areas of 200 square miles or less. The frequency 
of flood plain inundation decreases progressively to less than 
three times a year at a point draining 3000 square miles. 
It is interesting to point out that the flood plain of the 
Missouri River drains an area of about 500,000 square 
miles and is flooded, on the average, about every other 
year. This condition would be represented closely by pro- 
jection of the curve of Fig. 2. 

Many of the storms causing floods on small areas of a 
few square miles are intense, of short duration, and local 
in extent. They are also most likely to occur during the 
growing crop season, at which time they can be greatly 
reduced by a land program. Many of them do not, how- 
ever, produce a flood at downstream points. As the size of 
the drainage area increases, a more widespread and pro- 
longed storm condition is required to produce a flood. Run- 
off from this type of storm will, in general, be reduced less 
by a land program. Under extreme conditions reductions 
will be limited to the increased holding capacity of the soil 
and the increased evapo-transpiration afforded by better 
plant cover. This quantity may further be of small moment 
during the dormant crop seasons. 

The effectiveness of a land program with increased 
drainage area is very difficult to evaluate. This is due 
largely to the fact that stream flow records are usually avail- 
able only on land areas draining several hundred square 
miles. The floods at such points are the result of rainfall 
varying in distribution and time occurrence on a variable 
land complex. They also reflect the orientation and hydrau- 
lic properties of the drainage network. Based on a consid- 
eration of these factors, and the data given in Figs. 1 and 2, 
the author has attempted to estimate the general amount of 
these reductions on drainage areas of varying size. Such 
average estimated flood reductions are represented by the 
hydrographs of Fig. 3. 

Flood damage ordinarily starts on drainage areas of 3 
to 5 square miles. The flood hydrograph from an area of 
5 square miles may be considerably altered by land prac- 
tices. Not only will runoff be abstracted from the flood but 
the peak rate may be reduced and delayed by the retarding 
action of better vegetal cover, terraces, and farm ponds de- 
signed for the purpose. The combined effect of these meas- 
ures can reasonably be expected to reduce the peak of the 
average flood by 20 to 30 per cent. 

As runoff progresses to a point draining 100 square 
miles, the decrease in flood heights through flow retarda- 
tion by land practices has largely disappeared. The peak 
may be somewhat delayed but this factor becomes inconse- 
quential in relation to the time base of the hydrograph. Re- 
ductions will be in the neighborhood of 10 to 20 per cent. 
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Fig. 3 This shows average abstraction and retardation of flood runoff by land 


practices 


The flood hydrograph from a 10,000 square mile arc. 
will in general be reduced by the capacity of a land pro- 
gram to abstract precipitation from a few floods. They 
usually occur during a prolonged wet period after land 
practices have lost much of their effectiveness. Modifica- 
tion of the hydrograph by flow retardation of a few minutes 
or a few hours near the source of runoff also becomes un- 
important. The shape of the flood becomes rather a func- 
tion of the channel system. This fact is the basis of the unit 
hydrograph concept which has in the past been widely used 
in flood analysis. Average flood reductions which can rea- 
sonably be credited to a land program on an area of this 
size would range from 5 to 10 = cent. 

On small upland areas, a land program, including ponds 
and small storage devices for beneficial local uses, will often 
provide the only management of runoff which is feasible. 
While reducing flood peaks by an average of 20 to 30 per 
cent, flood damage to crops can often be reduced by 30 to 
40 per cent. These practices are also estimated to be cap- 
able of decreasing the silt burden of small streams by 40 
to 60 per cent. Such controls and uses of water are bene 
ficial to all downstream points and have no conflict with an, 
other conceivable control or use. 

As the size of the watershed increases beyond a few 
hundred square miles, the control will, in general, fal! 
short of the degree of protection desired. Several devices 
may be used at such points to yield additional flood pro 
tection. They may consist of channel rectifications or dams. 
Here we immediately have a conflict of interests as protec- 
tion can be gained at one location only at a sacrifice in an- 
other location. If the stream channel is straightened, th- 
floods and attendant debris are concentrated on downstrea) 
points. If a dam is built, a considerable amount of lan | 
must be sacrificed for the protection of lower lands. 

Our experience with stream straightening in norther 
Missouri, with which I am most familiar, has not been sa 
isfactory. While it is now yielding temporary relief fro: 
flooding to some areas, it has resulted in the abandonme: ‘ 
of others. Where the grades are excessive, some of t! - 
ditches are tending to go out of control and to consume t! © 
adjacent lands they were intended to protect. Others ca: - 
not be maintained due to excessive siltation. At some { - 
ture time it may become feasible or necessary to provide {.t 
their stability by the use of regulated flow from reservoi's 
or retarding basins. A land program to reduce sedime it 
production would often be a prerequisite to any such plan. 

When reservoir sites are available on areas of a fiw 
hundred square milés, several of them may be used to su>- 
plement land programs to give reasonable protection to t.¢ 
lower portions of a watershed. If additional protection 's 
needed, it can often be provided with levees. Most studics 
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indicate that best results would be obtained by manually 
regulating the flow from such reservoirs. A part of the run- 
off into them would be stored and released as rapidly as the 
channel system would permit. An operating system would 
also have to be devised to safeguard the structure rather 
than the lands in the event of a great flood. In general, 
‘ams of this type may be desirable if the lower laying flood 
‘ain has a greater land capability than the lands which 
ust be sacrificed for reservoir use. At best, they are difh- 
It to justify economically under existing conditions of 
avricultural development in this region. 

This type of dam has limited multiple-purpose uses. In 
dition to flood control, desirable uses are recreation and 
vall releases for stream pollution and malaria control. 
‘aly in rare instances can hydroelectric power be developed 
| prairie land streams. A more economical type of in- 
allation is needed greatly for relatively small tributary 
ims. While they must be safe from an engineering view- 
oint, a more efficient and economic outlet and spillway 
_esign is needed to adapt them to agricultural watersheds. 
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ALL WATER-CONTROL DEVICES ARE EMPLOYED TO GAIN 
AN OPTIMUM USE OF BOTTOM LANDS 

So far we have discussed a few of the problems of 
-ater control and use relevant to the local watershed. In 
planning, all devices are employed to gain an optimum use 
cf bottom lands throughout the watershed. The adoption 
of plans for this purpose would have very little effect on 
Mississippi River floods. High river stages last for weeks 
or months. They result from a widespread storm condition 
which ordinarily continues after the capacity of the soil to 
store water is largely exhausted. Reservoirs designed and 
operated for local flood abatement will not hold runoff for 
a sufficient time to appreciably modify a great river flood. 
We should also remember that the largest flood of record 
on the Missouri River came in 1844. Further, we cannot 
restore the water-holding capacity of the land complex 
which existed at that time. 

At the present time the storage of water for Mississippi 
River dead control and navigation release is being con- 
templated in multiple-purpose reservoirs in agricultural 
watersheds. It is sufficient to say that much opposition has 
resulted. Naturally, the use of lands for this purpose is 
in direct conflict with their utilization for agricultural pur- 
poses locally. In the watershed they would normally occupy 
more land than they would protect. At the saine time they 
would be located below other lands needing flood protec- 
tion. In many cases we do not know the land capability of 
either the lands to be inundated or protected. This has not 
been determined. Again, they may preclude the building 
of lesser dams at upstream points by removing the source 
of benefits necessary to vustify their construction. In many 
cases we do not know if an alternate plan for local protec- 
tion is feasible because such a study has not been made. 
In short, river controls and uses are not being incorporated 
into watershed planning. 

In a few agricultural watersheds it is possible that a 
thorough study of alternate plans will show that large stor- 
ave units can be incorporated without undue local sacrifices. 
In this event, the actual needs of present river development 
sould govern their construction. It is of interest to review 
briefly the course of river development leading to the large 
oo reservoirs of today. 

The first levees were built on the Mississippi River for 
the protection of agricultural lands over 200 years ago. 
lie great floods of 1749-50 caused widespread damage 
ti oughout the valley and the Congress directed the Secre- 
toy of War to prepare plans for flood prevention and navi- 
£ ‘ion improvement. In general, river development has 
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been a function of the Corps of Engineers since that time. 
In the main, improvements for flood control have consisted 
of raising the levees higher and higher to provide an in- 
creasing degree of protection to the 20 million acres of the 
alluvial valley. After the flood of 1927, definite plans were 
made to provide adequate floodways and backwater areas to 
lower flood heights. This plan was obdurately opposed by 
residents of the valley and the major portion of it was later 
‘abandoned. About this time numerous cutoffs also were 
made to improve the channel for navigation purposes. 

The great flood coming out of the Ohio River in 1937 
again demonstrated that existing river controls were inade- 
quate. At that time it was believed that the levee system 
was about as high as could be built and maintained. It, 
therefore, seemed that the only recourse lay in further chan- 
nel improvement and the construction of reservoirs on the 
tributaries. In 1938, the general comprehensive plans for 
flood control and other purposes—as set forth in Flood 
Control Committee Document Numbered 1, Seventy-fifth 
Congress, first session, with such modifications thereof as 
in the discretion of the Secretary of War and the Chief of 
Engineers may be advisable—were approved for the Ohio, 
upper Mississippi, Missouri, White, and Arkansas River 
basins. This included a blanket authorization for a large 
number of reservoirs, many of which were designed for 
flood control on the main stem of the Mississippi River. 

By 1941 it became apparent that flood _~— on the 
Mississippi River had been lowered appreciably by comple- 
tion of the 9-ft navigation channel and shortening of the 
river by cutoffs. At the same time, experience in levee 
building coupled with rapid advancements in the science 
of soil mechanics also made it possible to increase the height 
of levees. 

Most of the reservoirs authorized in the Missouri River 
basin for Misissippi River flood control in 1938 were re- 
authorized in 1944 as set forth in House Document 475, 
Seventy-eighth Congress. This was a comprehensive plan 
for the Missouri River basin. Many of them were, how- 
ever, enlarged for multiple-purpose uses. In the main, this 
consisted of adding storage for navigation release. 


GREATEST PROBLEM WITH MISSISSIPPI RIVER IS STABILIZ- 
ING EXISTING SYSTEM OF CONTROLS 


At the present time the greatest problem concerning the 
Mississippi River appears to be that of stabilizing the exist- 
ing system of controls. Straightening of the channel has 
accentuated its tendency to meander by caving its banks. 
Funds were authorized for such stabilization in the 1944 
Flood Control Act. The situation is well described in a re- 
port of the Mississippi River Commission: ‘The Commis- 
sion is of the opinion that stabilization of the river is neces- 
sary in order to retain reduction in flood heights obtained 
by channel rectification, and is advisable for the purpose of 
safeguarding the main Mississippi River levees and protect- 
ing the investment which they represent. The Commission 
is of the further opinion that such stabilization may ma- 
terially increase the flood-carrying capacity of the river 
channel and together with the maintenance dredging al- 
ready authorized, will provide a minimum depth of 12 ft 
at low water for navigation... .” 

No one questions the need for adequate flood control 
on the Mississippi River. The capacity of the river, how- 
ever, has been increased greatly a the works of the last 
decade. All indications are that the present program of 
stabilization and navigation improvement will add a further 
factor of safety. Backwater areas along contributing streams 
in the lower valley are also being rapidly eliminated by ad- 
ditional levee construction. In all, it seems reasonable to 
assume that probabilities of large (Continued on page 410) 


: ao ee Pe ee. 2g Ae Bo re 
| 7 os roa rm te oe 2 ites © alibi pee ee. 
eee eee ey Me eee do = Ne 

46 eC 

; 

? || 

: 
< / 
rea 
[[O- 
ley 
nd 
Ca- 
tes 
In- | 
Cc- 
nit 
ed b 
ea- j 
his 
ids 
fen 
le. 
Der 
to | 
ap- 
40 
ne 
in} | 
ew | . ! 
fall 
ces | 
: it 
ms. 
eC - 
an - 
the 
ary 
in| 
ern 
5a 
Om 
ent 
the 
the 
Bil: 
ae 
for 
DitS 
€ it 
lan. 
f Ww 
up- 
the 
1 1S 
dies | 

: 
: a aa a eee ii h | 
oe age Mee te |e eM Pn 02 9 ae | ae ee ea a ; , 


To THE Epitor: 


N THE issue of AGRICULTURAL ENGINEERING for December, 

1945, you published the above-titled report of the Subcommittee 
on Industry Requirements of the A.S.A.E. Committee on Curricu- 
lums, which prompted me to ask this question of representatives 
of companies employing agricultural engineers, with whom I was 
in contact in connection with committee work in the A.S.A.E. and 
Farm Structures Institute: “What are your ideas as to desirable 
qualifications of agricultural engineering graduates and methods of 
training them?’ Some interesting replies were received. 

Since my chief interest is in the field of farm structures, most 
of the replies are from basic building materials manufacturers or 
associations of such manufacturers. However, two replies came from 
leading farm equipment companies; one of them contained these 
comments: (1) Practical experience for students is needed, espe- 
cially during summer vacations; (2) training should emphasize de- 
velopment of the arts of thinking and persuasion; (3) training 
should emphasize development of tundamentals of good personality, 
correct attitudes (courtesy, diplomacy, willingness to work, need 
for continued study), and good habits (accuracy, thoroughness, 
honesty, initiative, etc.). 

These comments constituted the reply from the second farm 
equipment manufacturer: (1) Students should come from the 
farm; (2) good basic, but fairly general, agricultural courses are 
best — election of a major is not so important; (3) versatility is 
important—our company trains beginning men in its particular prob- 
lems and policies, thus fitting them for various company jobs. 

One builcing materials manufacturer says: “Practical experience 
(12 months, post-graduate) should be required; it is what is most 
lacking in present graduates,” while another has these comments: 
(1) Present curriculums cater more to teaching and extension than 
to industry requirements; (2) colleges should become more keenly 
aware of the need for high professional standards in the structures 
field, and of opportunities therein for good men. 

Comments were obtained from three associations in the build- 
ing materials field. The first offered the following: (1) Men of 
better training are needed — there are too many so-called agricul- 
tural engineers who really aren't, to the detriment of the profes- 
sion; (2) a four-year course is none too long; (3) a knowledge of 
functional and structural requirements, materials, design, etc., is 
needed; (4) teaching personnel needs improvement. The second 
association commented as follows: (1) Present graduates lack 
knowledge of structural design and materials —there is a real 
lack of adequately trained structures men; (2) students should 
elect a major and specialize earlier in the course. These comments 
came from the third association: (1) Graduates should have more 
training in speaking and writing as well as technical training; 
(2) a farm background is highly desirable; (3) good personality 
and attitudes, a willingness to work, are important qualities. 

A building materials manufacturer made these comments: (1) 
More competent instructors are needed; (2) many openings for 
well-trained structures men now exist in industry. 

The foregoing comments, plus considerable interchange of ideas 
among industry people who are present or potential employers of 
agricultural engineers (again principally structures men) provide 
the basis for the discussion that follows: 

It is probable that the majority of agricultural engineering 
graduates who replied to the questionnaire distributed by the 
A.S.A.E Subcommittee on Industry Requirements were in the cate- 
gory of employee rather than employer. The reverse is true of a 
majority of those who made the comments listed above. Among 
them are some who have had unfortunate and disappointing experi- 
ences with newly employed young agricultural engineers and others 
who have sought vainly for men who were acceptable. 

In the main, there is agreement with the subcommittee report 
as published in AGRICULTURAL ENGINEERING. Uniformity of cur- 
riculums is of great importance. How a student is taught is fully 
as important as what he is taught. 

Everyone values highly such qualities in graduates as pleasing 
personality, efficient habits, ability to think constructively, posses- 
sion of good character and cooperative attitude, regardless of 
whether the man’s inherent abilities and tendencies or his college 
training have contributed most to these. The curriculum and the 
instructor should be chosen to provide the maximum possible of 
training and inspiration along tiberal lines, without neglect of the 
completeness of engineering instruction which the engineer in to- 
day’s competitive world desperately needs. 

Specialization Necessary for Some. Not one but several kinds of 
graduates are needed. Industry needs, for example, men for sales 
and sales promotion work. They should be especially adept in 
speaking and writing. Industry needs also technical men for re- 
search and the services. They should definitely be specialists in 
farm machinery, structures, soil and water, or electrification. 
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There is as much range of subject matter in agricultural eng:- 
neering as there is between architectural, mechanical, civil, elec- 
trical, and chemical engineering. The field of farm machinery ‘s 
largely mechanical engineering; the field of farm structures, archi- 
tectural and civil; the field of soil and water, civil; the field of 
farm electrification, electrical. 

It is as impossible to train men adequately in all phases of 
agricultural engineering simultaneously, as it is in all the other 
phases of engineering combined. The field is so large that too 
much generalization is apt to produce inferior men not well equip- 
ped in anything. 

Some of the relatively large companies engaged in the man 
facture and distribution of equipment or materials solely or alm« 
entirely for the farm market can and do take graduates of a ‘ge: 
eral” course and then teach them “‘specialization’’ in a particul. 
phase of agricultural engineering in conjunction with a period ; 
or course in orientation. 

But the many and various firms, only a part of whose products 
find their way to the rural market. usually require some specializ.- 
tion and are not particularly interested in other phases ot agricul- 
tural engineering than their own, except in a general way. A spe- 
cialized training superimposed upon a farm background is needed 
to provide the right kind of men for these jobs. 

Unless we have “farm structures engineers,” “drainage engi- 
neers’’, etc., instead of merely agricultural engineers who are the 
product of a general course, many firms will hire architectural and 
civil engineers and will perhaps employ only one agricultural eng:- 
neer having general training to set the requirements as related to 
agriculture. In fact, these agricultural requirements might even be 


supplied by crops and animal husbandry men instead of by agti- 
cultural engineers. 


Standard Length Terminal Course. It is somewhat difficult to 
reconcile the statement in the subcommittee report that “A four- 
year terminal course is believed preferable to a longer training 
period if students are to be attracted and held in sufficient numbers”, 
with a following suggestion that, where faculty and facilities per- 
mit, educational institutions establish graduate work for “highly 
specialized jobs in industry” and other work. Many of the agri- 
cultural engineering jobs in industry (the engineering jobs) are 
“highly specialized”. More of them would be if properly trained 
men were available. While sales or sales promotion work may not 
always require specialization, it is also true that for most of the 
graduates, especially in the structures field, a more specialized 
training in their particular field of interest is the key to their pro- 
fessional success and the healthy growth and recognition of the 
profession generally. 

The report states that there should be “a thorough preparation 
in the fundamental sciences” rather than “a smattering of funda- 
mentals and specialized knowledge.” That is exactly what the 
highly specialized jobs in industry require. However, rather than to 
require of most students an extra year of graduate work for sucl: 
instruction, could we not offer some of our students a thorough 
preparation in all of the fundamentals of ove of the major branches 
of endeavor rather than a smattering of knowledge of each, and 
could it not, perhaps, because of a greater singleness of purpose, 
be done in four years? There is an unquestioned need for som: 
post-graduate instruction, but a four-year terminal course that wil! 
provide a satisfactory training in the chosen field of interest is th« 
need of the majority. It should be of equal length for all, regard 
less of choice of major interest, and the same length as for othe: 
branches of engineering. 


About the Curriculum. Industry thinks that we need perhar 
optional but at least recommended and guided specialization in th: 
junior and senior years of an agricultural engineering curriculum 
We need, for example, structures graduates who: 

1 Have sufficient knowledge of basic materials to use proper 
new combinations of them for improvement of structures 

2 Know functional requirements of farm buildings 

3 Are thoroughly grounded in heat transfer, vapor problen 
animal metabolism, etc. (Perhaps this requires work in mecha:- 
ical engineering) 

4 Are thoroughly grounded in ventilation 

5 Are thoroughly grounded in structural design. (Perhaps th:s 
and the following point require work in architectural engineering ) 

6 Are capable designers from the esthetic angle 

7 Are taught by competent structures men. 

The specializing ‘channel’? may be farm machinery, soil ani 
water, electricity, economics, journalism, or “‘general’’. 

Such specialization would usually mean a more thorough prep?- 
ration of students in certain selected and packaged “basic engine '- 
ing courses which are fundamental to agricultural engineering’, 1© 
quote the subcommittee report, of which (Continued on page 428) 


a Be 


ee 


a 


ad GINS ica of ee ie Sas ae rtp € = i alia 
Zi a cae k os ; : - a 
Care Bi Gerene st ae KS ; Lee 
x 4 He eit a = Bo ea ee ss a in eS en ee = a ee : 2 
% 4 ees : ; ume < oN eee 
Beas os 

Ba). ie 
foes §, | 4 eens 
8 Bites 
24 EES 
Shy a 
cad BIA Pipes | 
Beas a poe. 
ects Ge dee: 
ich i ee mea ee : 
ze Hh ee 406 ee AR 
fe aT a 4 
AS) fa et: > 
NG : 
Ea Pict ease : 
ra Let et 
Pe mie? PL dort Pen. 
i} woe 
er oa eS Reece , 
ahi es | 
rage iB Vege ke ; 
Sune ah = 
cae BAGS hoc ele 
ay Me | 
met | E ae ry q 
le i Re | 
ka We is 
ERD Ue eee 
aa ‘Vibes ; 
in. | gees er : 
mee yi Ss, t : 
1 48s :) Hee, the 
ne DS A am 
Sin 2 ADF eee y 
a BO be pag an 
—- a bla ce bie: ' 
Cores BA Fees ail 
ay . th eo 
ERS WS: eee 1, 
Ls) Saas chi 
cd BAY Ge LT 
9 a ens 
= Ky “ her 
We Dt Pee i 
uy ea we 
aa bs 
ME BR ca 
eae Pee Be peer 
Peon EB Res er 
Nei ay Bie 4 fF 
Bae i6 Bie = 
ca | Tat to 
ate Ate h ee 
Sry eG Mate en 
BP Ee Sy ¥ 
piace sears 
meets Btn 
ee ekg = | f 
‘aa her 
a Bley So 
ees | me 
io we Mee OV 
ae S ‘Hoey i : 
Hae Aaa in 
at a 2, 
ee x rs: ei So 
Ce eg 
x: Bp. SiR ics "3 pl 
A ibs Gp amg pes 
Ng Re Se 
a Siti ae: 1 ae 
Ae son coe 0! 
ian) Bes ae eae oe 
rae =| ae it 
bearat iy oe 4 
a he Bowne. sag ti 
aii! hig te 
eae Biles Fo Se 
daisy 55 ae th 
mee 
cee BR Bae ee 
“oa Bite : 
fe}. Bo eae : 
ANS 2.) ae 
rg | to aa 
TE RR ae 
ih ree 3 
be 9 Beate ; 
Be aie 0 
aero e | Ue d 
NE es Wee aes n 
Wigee Taies soe 
hae 1GTS on 

Pe Ree - 
ON aa ” ae 
Se AS oR", : 
Ske r Ve Pe t 
pea PS ‘ 
slice Sal Ped padre 
Wa gc-e Bae aie 
Dia Fy en ence \ 
Heed he 
CCS Pie eanninery e 
cif Mie hepa ! 
Wee Ch cen 
Bea ae 7 
dua if Waa 
elite: 
ste ae are | 
Beal ih!) 
ee 
ee Da Piast 

a 1 ee 
hem eae ee 
ada ge 
Abiee Hh ttm 
tees | gai vem 
aa RR de 
the UF HB Se 
“yhoo Pe ve 
6) aie ate Le Ss 
. bet bit aN 
Leechs Wet eeare ee: 
i ope Nig, te 
Bee Boi 
eye | ee 
eae | Th eee 
Bn eae 
a: ie 
aK - eos 
eb sap | seem 
eo ¥ He E 
Chae hic 
ee E fe é 
ee iy OE ote ea 

Ree aoe ’ 

Mie ia abe ess 2 
mee and 
BY ear oh Cia 
Da gova (i Nias 
nied te dee = 
Rebs ts: 18 fee 
Piva Bg ie 
Bees bathe : 
aoc aa Pe Petes 
8 eed BRL feria « | 
1Sihaets. 8! 1) ee 
Patek a ecaae 
Ser ieG Fea iamtar: 
cl bates = 
aed “gl 3 Re SR ea Se See. con es eee ee Le ee Clee la ea hos, 

= eee a he til ye Om Td ST ONE oi 1g eee es, eae nae eee : : Byes oe eae 

ee ie LES ‘eee ae Sere) Saas <a areca oss Sede oy : ies 


946 


tion 
ida- 
the 
n to 
uc! 
ugh 
ches 
ana 
Osc, 
omc 


AGRICULTURAL ENGINEERING for September 1946 


Stream Bank Erosion Control 


By H. H. Lester 


MEMBER A.S.A.E. 


exists a continuing challenge to engineers and others 

interested in soil conservation, to do something about 
the yearly ravages of streams flowing through agricultural 
lands. This is particularly true in those areas of loessial or 
alluvial soils that yield quickly to flood forces in the stream 
channel. The caving of stream banks is responsible for the 
loss of many acres of good cropland each year. 

In dealing with this problem from the standpoint of 
individual landowners, only small streams, creeks, and 
branches are considered in this discussion. Larger streams 
or streams affecting several landowners are usually consid- 
cred to be “community” problems. While the same methods 
of control herein discussed are believed to be adaptable 
t) these larger streams, they have not been tried extensively 
cnough to afford definite information. 

Accepting its share of responsibility in meeting this 
problem, the Soil Conservation Service working through the 
soil conservation districts has undertaken to assist land- 
owners in developing a clear understanding of the factors 
involved in stream-bank control and in making plans to do 
something about it. Numerous locations have been studied, 
plans made, and protective measures installed. Soil con- 
servation districts are primarily interested in the protection 
of the watershed itself. This means maintaining the soil in 
its present position and keeping as much of the precipita- 
tion as possible in the soil on which it falls. Its efforts have 
therefore been directed, first, to the land itself and, sec- 
ondly, to the drainage channels carrying the surplus water 
from the lands. 

Stream-bank protection work has as its aim the stabiliza- 
tion of the bank through use of vegetation. Frequently it is 
necessary to use mechanical means to protect these plantings 
during their establishment. Major changes are generally not 
made in the location of the channel, but rather the banks 


|: THE southeastern part of the United States there 


_ This paper was presented at the meeting of the Southeast Sec- 
tion of the American Society of Agricultural Engineers at Birming- 
ham, Ala., February, 1946. 

H. H. LESTER is zone conservationist (engineer), Soil Conser- 
vation Service, U. S. Department of Agriculture. 


AuTHor’s Note: Recognition is given to L. B. Morehead, for- 
mer area engineer, Soil Conservation Service, and to his associates 
who furnished much of the material for this paper, and who, dur- 
ing previous years, established many stream-bank protective works. 
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are stabilized in place. Observations of these conditions and 
experience in dealing with them has indicated that a stream 
channel of adequate capacity, amply protected by the right 
kind of vegetation, is the simplest insurance against stream- 
bank caving. The ideal situation is where the normal flow 
is directed through a stable channel bordered by low banks 
over which the flood flows can spread without overtopping 
the high banks which define the permanent stream. This is 
illustrated in Fig. 1. 


Factors to be Considered. Several factors influencing 
volume and rate of concentration of flood flows are size, 
topography, stream pattern, and land use of the drainage 
area. The size and topography of the drainage area can be 
determined from maps available to the soil conservation dis- 
trict. The land use can be determined by a reconnaissance 
survey or aerial photographs. It is also advisable to question 
the landowner or some old resident of the neighborhood 
as to the past behavior of the stream and the seriousness and 
frequency of floods. Drift and debris give evidence of high 
water levels. 

Other factors to be considered include stream gradient, 
physical makeup of stream channels, especially “sand bars”, 
vegetation or lack of it, and the rate of bank cutting. 

Changing the stream flow in one section of the channel 
will have a decided effect on the flow for some distance 
down stream. These resultant effects must be considered, 
especially when the channel is forced into a new location, 
or when the stream forms a property boundary. 


Protective Measures. For the purposes of this paper, 
stream bank erosion control will be treated under three 
major headings: (1) mechanical control, (2) vegetative 
control, and (3) maintenance. 

1 Mechanical control will be considered as a preliminary 
step toward the establishment of permanent vegetation, and 
in most cases it will be assumed that the mechanical struc- 
tures will sooner or later disappear after they have served 
their purpose in aiding vegetation to take over. 

Due to the various and different conditions encountered 
along eroding stream banks, it is necessary to consider two 
types of structures — timber jetties and rock jetties. 

In the past many attempts have been made by engineers 
and contractors to prevent the caving of stream banks by 
the use of piling driven to form jetties, dykes, deflectors, or 
wing walls. Usually the pile structure is completed by the 
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Fig. 2 (Right) Tree boom jetty, showing location and construction details 
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use of boards to form a deflecting wall, with the entire 
unit braced and anchored to form a rigid structure. While 
this type of bank protection has its place in engineering 
works, it is usually expensive to construct and difficult to 
maintain. Furthermore, it requires pile-driving machinery 
and other heavy equipment. Since in this discussion the 
primary interest is in some simple, inexpensive structure 
that can be installed by farmers, and with farm equipment, 
the driven-pile structures are eliminated. 

The tree jetty —a flexible, articulated, mass of small, 
ordinary woodland trees— is simple to construct, inex- 
pensive, and easy to maintain during the few years of its 
life. The design of the tree jetty has been so simplified 
that the farmer has to make no outlay of cash for anything 
except some old, discarded steel wire cable for anchorage, 
and for some smooth wire for tying the trees together. 


The trees are lashed at the butts to a boom which pro- 
jects from the bank. The boom is securely anchored to the 
bank by cable and ‘‘deadmen”. The tree tops float down- 
stream. Farm labor and the farm tractor provide the ma- 
terial and do the work. 

The details of construction are shown in Fig. 2. 


In areas where timber is not easily available, but where 
rock is plentiful, it may be necessary to resort to the rock 
jetty. This type of structure is not expensive but requires 
a considerable amount of rock which may have to be hauled 
some distance, and also requires a little more labor and 
wire. This structure is a simple woven-wire stocking, 4 or 
5 ft in diameter and filled with rock, laid so as to project 
into the stream. It is built in place and the bank end se- 
curely anchored to a deadman. 


2 Vegetative control is the ultimate aim in stabilizing 
eroding stream banks. If vegetation can be securely estab- 
lished without the aid of structures, so much the better, but 
when jetties are used, advantage must be promptly taken of 
the temporary protection afforded for the establishment of 
vegetation. 

Vegetative plantings are considerd in two main groups — 
those placed on top of the bank and those placed at the 
bottom of the bank. 

A band or border of trees or shrubs should be provided 
and maintained along the stream bank in order to give pro- 
tection against cultural encroachment too close to the top 
of the bank. Through cultivated fields, kudzu or honey- 
suckle is very beneficial, while through wooded areas, ordi- 
nary woodland plantings should be made or existing stands 
protected. 

The more important plantings are those at the bottom 
of the bank where the erosion begins with undercutting, 


Fig. 3 (Left) Close-up view of jetty construction ¢ Fig. 4 (Right) Relative position of jetties 
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causing caving and sloughing. The ure of vegetation usec 
here must be selected for its strength and vigor, and it: 
ability to resist scour, and also for its rapid growth. A se- 
curely rooted shrub or vine, or tree species such as willow 
cottonwood, or “water’’ birch, kept cut back, is desirable fo: 
planting at the foot of the bank. 

It must be kept in mind that stream-bank control doe: 
not mean the restricting of the channel, but rather th: 
stabilization of the banks after an adequate waterway ha 
been provided. 

Plantings should be made as close to the water’s edge a: 
possible, provided there is one to two feet of sand, silt, o: 
mud above the low-water level in which the willow cuttin; 
can take root. Cuttings may be made during the winte: 
and early spring, using only bright yellow or green branche: 
and placing immediately. Cutting should be five to eigh' 
feet long and from one to four inches in diameter. This size 
is necessary in order that they can withstand the flood stages, 
drift and weed competition. Cuttings can be rooted in sand, 
if time permits, and they can be planted with roots attached. 

Holes are made with a crowbar or posthole digger, and 
cuttings should be planted three or four feet ~ Plant- 
ings are extended back from the water's edge as far as de- 
sirable, provided the lower end of the cutting is in moisi 
soil. Spacing should not exceed six to eight feet. Small 
willow logs, partially buried with the lower end in the 
water, are satisfactory on sloped banks. Logs are spaced 
four to six feet apart. 

Supplementary plantings of locust, walnut, sweet gum, 
or sycamore may be made in adjacent overflow areas (Fig. 1) 
but these species should not be used along the water's edge. 

Plantings should be protected from livestock, and where 
necessary, temporary fencing should be constructed until 
trees have reached a size that will obviate the need of 
further protection. This period will be at least five years. 

Foresters and biologists should be consulted in regard 
to technical problems in their fields as they relate to the job. 
The shrubby vegetation in the overflow channel affords ex- 
cellent wildlife shelter. 

3 Maintenance of stream-bank protective vegetation is 
of great importance. All too frequently the established 
plantings are neglected and allowed to grow too rank or 
too large, thus obstructing the stream flow; or they are dam- 
aged by grazing or fire. 

Shrubby vegetation at the foot of the bank will need little 
maintenance but tree growth there will need to be cut back 
from time to time. This is much easier done by annual 
maintenance than after waiting several years until the trees 
have grown to objectionable size. Do the job of mainte- 
nance when it is needed. 
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Fig. 5 (Left) Silt depositing behind jetty, four months after construction ¢ Fig. 6 (Right) Silt caught by jetty helps anchor the structure 


Use of Structures. The logical and economical use of 
tructures for stream-bank protection appears to resolve 
tself into two main classifications: (1) To protect an erod- 
‘ng bank and maintain it in its present location, and (2) to 
rorce the channel away from the eroding bank by scouring 
out a new channel through the sand bars on the inside of 
the curve. 

1 When the stream bank is to be protected and main- 
tained in place, such as along a property line, the establish- 
ment of protective vegetation is begun by the use of a mat 
which embodies live willow poles. These _ take root 
and grow in place. By timely cutting back, they sprout new 
stems and thus increase the density of growth. 

Willow mats should be built during the time of year 
when the willows are dormant. The eroding bank is graded 
down to about a 45-deg angle. Willow (white, salix alba, 
if possible) poles of any diameter are laid on the sloped 
bank and placed about one to two feet — These poles 
have all limbs removed so they will lie flat and be in con- 
tact with the ground. The butt ends are shoved well down 
into the water. These poles are covered with brush of any 
kind, the bushy tops of which are alternately placed at the 
top and bottom of the bank. When a mat about 6 in thick 
is in oo. it is covered with old woven wire laid in hori- 
zontal bands and laced together with wire. To hold all this 
material in place, stub posts are set eight feet apart along 
the top of the bank. Heavy stone weights are laid on the 
mat at low-water mark and attached to the stakes by long 
wires. The wires, extending from the posts at the top of 
the bank down over the mat to the weights, hold mats in 
place during heavy floods. This has proved to be far super- 
ior to stakes which loosen and come out during wet times. 

When spring comes the willow poles send roots down 
into the moist soil on the bank, and in a few months a 
dense growing mat is obtained. This method has the dis- 
advantage of requiring a large amount of brush, and a 
considerable amount of labor. 

2 The most common problem in the control of erosion 
ilong streams through agricultural land is in connection 
with bank undercutting and sloughing on the outside of 
bends. Usually this undercutting and sloughing is accom- 
panied by the formation of a bar on the opposite side of 
-he stream. The job therefore is to move the channel of 
main flow away from the eroding bank and cause it to en- 

roach on the sand bar side. 

To establish vegetation on the sheer, bluff bank is ex- 
remely difficult because there is no planting area. It is first 
‘ecessary to cause some deposits of sand and mud to form 
t the foot of the sheer bank. This is expedited by the use 
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of mechanical structures placed at strategic points, which 
give temporary protection to the bank and at the same time 
sufficiently retard the current to cause sand and silt which is 
carried in suspension in the water, to drop out. Each suc- 
cessive high water adds material to this deposit until a bar 
is formed behind the structure. 

The structure is usually a timber jetty such as was men- 
tioned earlier in this paper. The location and construction 
are illustrated by Figs. 2, 3, and 4. Usually more than one 
jetty is required, and the series of structures should cover 
the entire bend of the stream. They are placed close enough 
together to be sure that the effects from the tail end of one 
reaches to the head end of the next one below. This spac- 
ing can be determined by field observations and a general 
knowledge of the stream flow conditions. 

The angle of projection and the length of the jetty are 
important factors to be considered. The farther a structure 
is projected into the stream, the greater the scour off the 
tail end becomes. However, there is a practical limit to the 
amount of this projection. A jetty with too great a projec- 
tion causes the structure to act as a dam. Due to the re- 
stricted effective channel, the stream will overflow its banks. 
This restriction also increases the velocity off the end of the 
jetty to the point where serious undercutting of the toe 
takes place and endangers the stability of the jetty. Experi- 
ence in the field indicates that the proper projection is 30 
to 40 per cent of the stream width at flood flow, contingent 
upon the size and type of watershed, cross section of chan- 
nel, and flood stage. 

The best angle of projection is 45 deg with a minimum 
of 30 deg. This angle of set produces the maximum depo- 
sition above and below the jetty on the outside of the curve. 
This deposition is quite important because it creates a suit- 
able site for vegetative plantings. 


The best location for the jetty to cause sand bar cutting 
is at the upstream end of the bar. The spacing of these 
jetties depends upon the physical make-up of the sand bars, 
frequency of floods, volume of water carried by the stream, 
and the radius of curvature. For example, the jetties can be 
spaced farther apart if the sand bars are made up of fine 
sand, if the stream has frequent floods, carries a large 
volume of water, and the channel has an 800-ft radius, 
than if the bars are made up of heavy gravel, the stream 
has infrequent floods, and carries a small volume of water, 
and the channel has a 200-ft radius. 

Jetties should be keyed well into the bank. The exact 
distance depends on the length of the jetty, height of bank, 
types = soil in banks, and size of stream, roughly from 5 
to 20 ft. 
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Just as soon as a sufficient bar has formed in front of or 
behind the jetty, the placing of rooted willows can be begun 
provided there is sufficient water to keep the roots wet. 

By the time the temporary structure has decayed and 
disappeared, the growth of willows should be sufficient to 


give adequate protection against a recurrence of the bank 


erosion, caving, and sloughing that set up the original 
problem. 

Typical Example. During the past year a stream-bank 
job was undertaken in northern Mississippi along a creek 
that was taking a heavy toll of good soil each year. During 
the previous season the farmer had made a bale and a half 
of cotton per acre in the bottom fields along this creek. The 
loss of great blocks of this valuable soil by creek bank cav- 
ing caused him to want desperately to do something to save 
his field. Accepting the plan for tree jetty construction as 
shown in Fig. 2 (with minor modifications in anchorage) 
he installed five structures around the curve in the creek 
as shown in Fig. 8. 

Using his farm tractor and timber cut from his land 
near the creek, this farmer with the help of four hired men 
constructed one jetty per day. The only cash outlay was 
for second-hand cable to use as anchorage. He plans to con- 
tinue similar jetty construction around other bends in the 
creek during this winter season. 

The effectiveness of this type of bank protection is 
shown in Figs. 7, 9, and 10. The jetties were built in Feb- 
ruary, 1944, during low water. Following a series of high- 
water stages during the next three months, a two to four- 
foot deposit of silt and sand had accumulated, as shown 1.1 
Figs. 5 and 6, and the stream current had been forced out 
from the bank to the end of the jetty. Almost simultane- 
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ously willow sprouts began to grow on these newly formec 
bars. During the dormant season additional plantings wil! 
be made to hasten the effectiveness of the protection afford 
ed by the vegetation. By the time the jetties have decayec 
and disappeared from the site, the willow thickets along th: 
bank will be large enough to give lasting protection agains 
further cutting and caving of the stream bank. 


Problems in Watershed Planning 
(Continued from page 405) 


flood damage have been greatly decreased in the last decade 
Yet, benefits claimed for water to be stored in tributary res 
ervoirs for Mississippi River flood-control purposes have no‘ 
been revised to meet this changing situation. It seems tha‘ 
such benefits should be thoroughly reviewed with respect tc 
the conditions which now exist or will attain shortly. 

It is obvious that the development and stabilization o/ 
a 12-ft navigation channel on the Mississippi River woulc 
be compatible with flood protection to the Delta area. I: 
should, however, be pointed out that this channel would 
require additional water to supplement low river flows for 
navigation. Deficiencies already exist on a 9-ft channel. 
Furthermore, all the reservoirs now authorized for construc. 
tion would not be capable of eliminating the present de- 
ficiency. 

If river transportation develops in accordance with the 
beliefs of the proponents thereof, there will be a greatly 
increased demand for navigation reservoirs in the future. 
This development would be in direct conflict with uses of 
water for irrigation in the arid portion of the Missouri 
Valley, and also with the agricultural use of productive 
lands in humid regions of the Midwest. 
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Fig. 7 (Upper left) Low, flow channel has been forced away from sheer bluff bank, six months after construction ¢ Fig. 8 (Upper right) 


Panoramic view of five jetties protecting one bend in the creek e Fig. 9 (Lower | 
ing, one year after construction ¢ Fig. 10 (Lower right) Ledge at foot of 


= Jetty partly buried in silt, and vegetation grow- 
ank for planting erosion-resisting vegetation 
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Flame Cultivation and Other Mechanization of Cotton 


in the Yazoo- Mississippi Delta 
By Thomas L. Baggette 


for using tractors and tractor equipment in many of 

its farm operations. Land has been broken and crop 
“middles” — those stretches of land between production 
ows — cultivated by machine. It was in 1944 that the 
state of Mississippi, recognizing that the only solution to 
‘he problem of an ever-decreasing labor supply on the farm 
y in total mechanization of farm operation, appropriated 
:30,000 to the Mississippi Agricultural Experiment Station 
o study the mechanization of cotton and other crops. Dr. 
Clarence Dorman, director, designated the Delta Branch 
Station at Stoneville to conduct these studies. 

Mechanized farming implies the use of machines wher- 
‘ver and. whenever possible to fill the gap due to the lack 
of hand labor, ciao it be in the harvesting of corn with 
a corn picker, the picking of cotton by machine, or the con- 
‘rolling of weeds and grasses in a crop row by the use of 
dame. Cotton up until this time has required more hours of 
hand labor than any other crop grown in the Delta’. The con- 
stant exodus of labor from farm to city, out of the Delta, 
and from the southern agricultural section as a whole, has 
increased the problem of maintaining production with the 
old hand methods of farming and similarly increased the 
need for mechanization of cotton production. 

Any individual or family can produce more cotton than 
it can pick. This results in the landowner having to take 
responsibility for picking the excess crop which is costly 
to both owner and tenant. The development and perfec- 
tion of the spindle-type cotton picker to the point where 
it is a reliable farm implement completely changes the labor 
balance in cotton production. It has been pointed out? that, 
if the picker is used to harvest more than this excess pro- 
duction, labor will then have to be subsidized for produc- 
tion instead of for harvesting. Further, it would seem that 
greatest economy in production depends on complete mech- 
anization of the whole of the crop rather than a part. Al- 
though processing of cotton is done mechanically, mechan- 


Fis: many years the Delta has recognized the necessity 
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The 1946 model of the New Holland “'Sizz-Weeder’’ mounted on a Farmall 
tractor. It is equipped for four-row flame cultivation and for using propane 
or butane fuel 


ical harvesting creates many problems yet to be solved if 
mill equipment is not to be overtaxed, and/or lower grades 
result te the producer. 

Some plantations in the Delta have, for years, made use 
of every power implement available for cotton production. 
In fact, more and more responsibility has been assumed by 
the owner until, in many cases, — of land, planting, 
and cultivation of the crop has been done by him rather 
than the tenant. The need has remained, however, for a cer- 
tain amount of hand labor in crop production. The arnount 
varies with the type of operation, i.e., whether the planting 
is by drilling, checking, or hill dropping. 

It was not until use was made, in 1943, of the “flame 
cultivator” in cotton production, that an approach to com- 
plete mechanization seemed possible. In spite of the fact 
that the cotton had been thinned, hoed twice, and cultivated 
twice, continued rainy weather had caused excessive growth 
of grass— so much so that the cleaning of adjacent areas 
with the hoe cost $10 per acre. The cotton was cleaned suc- 
cessfully by means of flame and kept clean until the end of 
the season. No reduction in yield was found as compared 
with areas continued to be handled by regular plantation 
methods. 

The term “flame cultivation” is relatively new in agri- 
culture. It is a process patented by Price McLemore of 
Waugh, Ala., cal Gane under the Fijelen Research and 
Development Co. of Washington, D. C. This process 
promises to be an answer to hand chopping, and to elimi- 
nate to a great extent hand hoeing of the cotton crop from 
the time the stalk of plant is 3/16 in in diameter until it 
is ‘laid by”. With the realization that the 20-spindle-high 
International mechanical cotton picker is no longer an ex- 
perimental farm machine, the problem of seasonal labor for 
cotton production has been reduced to one of weed and grass 
control. Tests at the Delta Station indicate that the flame cul- 
tivator is the only answer to the problem, to date, beyond 
labor economy attained by cross cultivation. Certainly the 

flame cultivator is a 
Piaggio oem farm implement of in- 
eee terest to the agricultural 
og \ Seatee) engineer. 

The flame cultivator 
is a revolutionary new 
piece of farm equipment 
that eliminates young 
weeds and grass in the 
crop row by the process 
of flaming. Burners are 
mounted on a frame 
back of the tractor in a 
staggered pattern so that 
two burners flame one 
row, one from each side. 
The flame is directed 

*Neely, J. Winston, and 
Brain, Sidney G. Control 
of Weeds and Grasses in 
Cotton by Flaming. Mis- 
sissippi Agricultural Ex- 


periment Station Circular 
118, March, 1944. 
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toward the base of the plants 
and extends well into the op- 
posite middle. Burners are 
never set opposite each other, 
since this would result in de- 
flection of flame upward and 
consequently scorched leaves. 
Flame cultivation of the i 
row may be carried on simul- 
taneously with the conven- 
tional cultivation of middles. 
The practice of flaming elimi- 
nates the throwing of dirt to 
the plant that is Tiine culti- 
vated, thereby permitting flat 
cultivation. The throwing of 
dirt covers weeds and grasses ; 
but the fundamental theory of 
flame cultivation is to kill 
these growths rather than 
cover them. If dirt is thrown 
around the plant, grass can- 
not be reached by the flame as 
it passes along the crop row. 
Tests have shown that 4 to 8 in of row should not be dis- 
turbed by plowing, but rather be left to flame cultivation 
alone. On the cultivators mounted in front of the tractor, 
8-in, high-speed sweeps were used for the season, except 
the last cultivation, which was handled by flame alone. Cul- 
tivation by flame can begin approximately two to three 
weeks after chopping or thinning the crop to a stand. 

Chopping, or thinning, of cotton need no longer be a 
hand operation in cotton production, as several mechanical 
devices are available for this purpose, namely, the Dixie 
chopper, the Finklea chopper, and the flame chopper. The 
Finklea chopper has been found to be the best for large 
cotton since it will successfully thin cotton that has reached 
a height of 10 to 12 in, but the flame chopper appears to 
be best in small cotton. It consists of a wheel on which are 
mounted five open-end metal boxes. The number of wheels 
will depend on the number of rows being handled at one 
time, either two or four rows. As the wheels are drawn 
down the crop row, the open-end boxes protect the cotton 
to be saved as a stand, and the remainder, as well as small 
gtass and weeds, is destroyed by flame. Cotton should be 
plowed once a week between this operation of chopping 
and the time when flame cultivation can begin. During this 
interim cultivation operations consist of simply plowing the 
middles with the regular and conventional cultivation sweeps 
and using the rotary hoe to handle the drill or crop row. 
This tool also acts as a fender and does not allow the dirt 
to cover young cotton. The rotary hoe, as developed at the 
Hopson Plantation at Clarksdale, Miss., is built in gangs of 
four to the row and, when drawn down the row during cul- 
tivation, takes out young weeds and grasses in the drill and 
does not injure the cotton plant. This is the only tool thus 
far developed that will handle this particular cultivation 
operation. 

Flame cultivation has not been confined to cotton alone. 
Barr* has used it successfully on sugar cane, and Fijelen® 
reports its use on truck crops. Corn and soybeans have 
been flamed at the Delta station. Contemplated experi- 
ments include preflaming of seedbeds before planting and 
again before planted seed comes through the surface. Flame 
may be the answer to fallow problems, noxious weed con- 
trol in oat lands, of weeds on ditch banks; and it may have 


“Barr, Harold T. Controlling Weeds by Flame. AGRICULTURAL 
ENGINEERING, pp. 291-292, August 1945. 


*Fijelen Research and Development Co. Private communication. 


The International Harvester mechanical cotton picker in opera- : : : 
tion in a luxuriant growth of cotton lift. The machine operated 
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sundry other uses. Tests hav: 
proven that flame can com- 
pletely control weed growt! 
in cotton except in advers 
seasons. 

The machine used in 194 
was a sulky-type and draw: 
behind the tractor; it was de 
signed for use on sugar cance 
It required one man for oper 
ation, besides the tracto 
driver. In addition to requir 
ing too much space for turn 
ing, the burners did not oper 
ate continuously. As a resul 
of experiences in 1943, thy 
machine for 1944 was tracto- 
mounted; automatic ignitio: 
was provided for the burners. 
and provision was made to 
raise and lower the burner as 
semblies by means of a power 


very satisfactorily with the 
tractor operator also taking care of the burners. With auto- 
matic ignition, attention required for satisfactory operation 
was reduced to a minimum. 

Development of the compressor-type machine in 1945 
consisted of two things: (1) provision for cultivating be- 
tween the rows with simultaneous flaming of the drills and 
(2) extension to a four-row machine. 

All machines used in 1943-45 required a compressor 
to furnish air for the burners which operated on either 
diesel fuel or kerosene. During the 1945 season, studies 
were started on the use of “bottled gas’’ in cooperation with 
the Fijelen Research and Development Co. and the Philgas 
Co. An experimental two-row machine was developed, 
simple in design, which duplicated the work of the com- 
pressor-type machine and operated with a minimum amount 
of attention. With gas under pressure, the air compressor 
is eliminated. Certain safety avant can be incorporated 
not possible with the former machine. 

The ultimate success of this gas-burning machine is re- 
flected in the fact that in 1946 approximately one thousand 
of these machines will be built by the New Holland Ma- 
chine Co., New Holland, Pa.; the Servis Equipment Co., 
Dallas, Tex.; and the Dixie Metal Products Co., Bessemer, 
Ala. These companies at the present time do not contem. 
plate the production of any kerosene-operated machines 
which use the self-energizing type of burner. A majority 
of the machines to be built this year will be four-row as 
semblies. All machines will be distributed through the New 
Holland Machine Co., their local dealers, or other farm 
implement companies with which they are affliated. Ther: 
has not been developed to date a satisfactory, self-energiz 
ing burner for flame cultivators that will equal the per 
formance of the bottled-gas machines. The bottled-go 
machine is relatively trouble-free in operation, does not rc 
quire the repeated adjustment in the field of the fuel an 
air mixture to obtain maximum kill as from flame, and ; 
lighter in weight. 

A machine was assembled this year that could operat 
in the field and have all the features of the oil-air machin 
such as a power lift, spark plugs to ignite the burners, an 
operating control within easy reach of the tractor driver. 
Butane was the first gas used and it was noted that : 
would not gasify in sufficient quantity to supply a two-row 
flame cultivator for more than two hours without the pres 
sure dropping below that required for satisfactory opera- 
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tion. Next, a mixture of butane and propane was used, 
with similar results. From these tests it was concluded that, 
if either butane or a mixture of butane and propane is to 
be used, an accompanying system for gasifying will have to 
be added, if the fuel is transferred from tank to burner as 
2 gas rather than as a liquid. Total consumption of burners 
determines the size of gasifier needed. There are several 
ivems to consider when determining the type of gas to use: 
! atane can be stored in tanks of weaker construction than 
-opane, (propane gas exerts a pressure that requires, in 
construction, a tank that will handle pressures greater than 
0 Ib per peng Butane has 10 per cent more heat value 
jer gallon than does propane. Consequently, if the flame 
Itivator has a gas-generating device to compensate for 
at of vaporization, it is not necessary to consider only 
ropane as a fuel. Cost and availability of one of the other 
aels, or a combination of both, are irrelative to efficiency, 
achine type, and/or effect. Sufficient quantities of gas 
ave been generated to supply burners for two rows until 
0 per cent liquid was left in the tank. Using a 70-gal 
ink and filled to 90 per cent capacity with propane, all 
xcept approximately 10 gal was consumed before satis- 
actory operating pressure was lost. At the rate of 8 gal 
er hr, this tank could easily supply one-half day of opera- 
on. The time of filling is increased as the propane is 
sithdrawn from the storage tank. Filling the supply tank 
‘com the storage tank is accomplished by a connecting hose; 
. slight difference in pressure between the small and large 
tanks causes the gas from the large tank to flow into the 
small tank when the valve is opened. 

It has been observed during these studies that, regard- 
less of the burner used, the effective width of the flame 
pattern is in all cases the same as the diameter of the 
mouth of the burner. The length of the flame is dependent 
on the pressure and ranges from 10 to 18in. A driving 
flame 12 to 14 in long is sufficient to saturate the crop row, 
which is the critical point at which the flame is directed. 
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FLAME CULTIVATION SIMULTANEOUS WITH CONVENTIONAL 
CULTIVATION REDUCES TRIPS 50 PER CENT 


The results of these studies established the fact that an 
equal if not better job is done in killing grass, vines, and 
weeds when using bottled gas as when using the present 
oil-air flame cultivator. Flame cultivation of drills simul- 
taneously with conventional cultivation of middles reduces 
by 50 per cent the number of trips necessary through a 
field and is, consequently, a major contribution to reduced 
labor, field, and cultivation costs. 

The use of skids to support the burners is the best ar- 
rangement tested. Castor wheels have been found to lock 
even on four-row turns and proper adjustment of burners 
could not be attained on a wheel-mounted machine. Ease 
in turning is more readily accomplished when the entire 
burner assembly is raised clear of the ground. 

How far farm mechanization has progressed in the 
Delta and what the future farm operation may be is per- 
haps best described by a review of the five major tests con- 
ducted at the Delta station last year, and a brief summary 
of what is contemplated in the future. Test A was set up 
to study type of cotton planted and cultivation. The tests 
on drilled, as compared to checked cotton, were sub-divided 
°s to defoliated and undefoliated cotton and further broken 
‘own as to kind of weed control in the row. Hoed versus 
mechanically blocked and flamed tests were made on the 
Crilled cotton, and hoed versus flamed on the checked cot- 
ica, These various plots were then divided as to type of 
harvesting, i.e., “wl picked and machine picked. This is 
2 repetition of a test conducted in 1944?*, Test B included 
tree different varieties of cotton and nine different methods 
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of picking. Test C involved nine varieties of cotton, de- 
foliated and undefoliated, hand and machine picked. Test 
D was a seed cotton cleaning test on three different varieties, 
all plots defoliated and machine picked. Test E was a 
variety-defoliation test on two commercial varieties, unde- 
foliated as compared to defoliated at four different dates 
from time of tagging blooms. 


The combination of research facilities at Stoneville are 
such that it has been possible to gather data not only on 
actual cotton production, but also on the operation of new 
and improved cleaning, drying, and ginning equipment, and 
the ultimate effect of all the various station tests on cotton 
fiber strength, grade, and fineness, and quality of seed. 
This has been possible only through the cooperation of the 
U. S. Cotton Ginning Laboratory, Cotton and Fiber Test- 
ing Laboratory, and the Cottonseed Analysis Laboratory. 
By sending samples to the spinning laboratories at Clemson, 
S. C., and College Station, Tex., results in terms of spin- 
ning quality have also been obtained. The entire research 
program is drawn up in close cooperation with Delta farm- 
ers who advise with the personnel at the station through 
the advisory research committee of the Delta council. This 
same committee does much to carry back to the farmers of 
the Delta what the station is developing in the way of 
mechanized farm operation. 

One of the first things to consider in farm mechaniza- 
tion is field layout. Fields to be mechanized must have 
good drainage, since wet and low spots will retard machine 
operations. Turn rows must be wider for tractor operation 
than where mules have been the source of power. It is 
recommended that a 20-ft alley be left for turning of four- 
row equipment. It has been the experience of the Delta 
station that seedbed preparation is especially important in 
mechanized farming. Successful mechanical operations de- 
pend on uniformity of seedbed. In the fall of the year, after 
cotton stalks are cut, the row is broken with a three-row, 
tractor-mounted “middle buster”. This three-row machine 
does a much more satisfactory job of putting up beds of 
even height than a two-row machine. Even if the middle 
plow has to be raised and only two bottoms operated be- 
cause of lack of tractor power, a more uniform bed can be 
thrown up than with two-row equipment. It is almost im- 
possible, in the case of mule operation, to space beds prop- 
erly while a tractor using markers will do an excellent job. 
In the spring one — rebreaks these beds and places 
fertilizer, putting it below the seed drill. This practice does 


®Gerdes, Francis L. Mechanization of Cotton Production in the 
Mississippi Delta: Its Relation to Cotton Quality and Marketing 
Practices. Sixth Cotton Research Congress, Dallas, Tex. In press. 


The machine attached to this John Deere tractor is a one-row 
Finklea: cotton chopper 
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not broadcast the material close to the surface for use of 
weeds and grass in getting an early start and growth ahead 
of the cotton plant. 


These beds, when dragged down for planting, assure a 
seedbed free of hardpan. The beds are leveled as flat as pos- 
sible, leaving only ridge enough to indicate to the tractor 
operator where to plant. The leveling operation can be ac- 
complished by the use of the disk harrow followed by a 
spike-toothed harrow, and done as a four-row operation or 
by large sweeps on the planter. Flat planting and cultiva- 
tion is very important in subsequent operations. As an ex- 
ample, the flame cultivator does its most efficient job on a 
flat bed where proper adjustment of burners can be more 
readily made. When the mechanical harvester is put into 
the field at the end of the row, it is more nearly in picking 
position where flat cultivation has been practiced. In fields 
having conditions other than this, it may be necessary to 
handpick the ends of rows in order to make a proper en- 
trance into the row and avoid missing cotton. Another ad- 
vantage of flat cultivation is the matter of putting into a 
wet field any machine, such as the ground unit for dis- 
tributing defoliant, that might cause ruts in the middles and 
cancel out the benefits to the picker of flat cultivation. 


The cotton planting operation is done with a four-row, 
tractor-mounted planter. From the standpoint of complete 
mechanization, the most critical time in weed and grass 
control during the growing season of cotton is that period 
from emergence of the seedling plant until it is large 
enough to be flamed. During this interim, from two to 
three weeks depending on the season, grass in the drill 
with the cotton plant continues to grow even though culti- 
vation destroys weeds and grass in the middles. 


During the cultivation season it has been the practice 
at the Delta station to cultivate and flame at least once a 
week, weather permitting. Last year the crop received 
eleven cultivations and eight flamings. The crop was free 
of any grass or weeds at lay-by time and was thoroughly 
clean when harvesting began during the latter part of 
September. 


DEFOLIATION IS TO MECHANICAL HARVEST OF COTTON 
WHAT FERTILIZATION IS TO PRODUCTION 


Defoliation is as much a part of the mechanical harvest 
of cotton as fertilization is of production. The use of 
ground machines to distribute defoliant is less economical 
than airplane, but still remains necessary to many farm 
operations. However, in cotton of rank growth, it is prac- 
tically impossible, even when fenders are used, to run a 
ground machine without seriously damaging both the fruit 
and the plant. 


Cotton has been harvested for a number of years by 
such methods as sledding, snapping, and stripping. These 
methods are more common in the plains areas of Texas 
than in the Delta since they have not yet proved practical 
for Delta growths. In the Delta, the cotton plant, after 
frost, tends to rot rather than become brittle and the bur 
does not separate easily from the branch, as in arid sections. 
In recent years the International Harvester Co. has de- 
veloped an economical cotton | eg machine. Much ad- 
ditional work will have to be done to enhance its efficiency 
and adaptability to other than flat terrain and typical Delta 
operations. Lack of availability of machines is the major 
problem in the Delta today. 


The use of water as an aid in the picking and doffing 
of cotton in the mechanical picker has created problems in 
ginning and handling. During the latter part of 1944, a 
wetting agent was added which reduced needed water 
volume by 50 per cent. Two of these commercial wetting 
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agents were used in 1945 and drying, ginning, fiber, anc 
seed analysis tests showed no harmful effects. This test wa: 
indicative of a need for some material that could replac: 
water altogether. This problem of entirely eliminatin; 
water in the picking process may well be solved by the us: 
of Texspray, a mineral oil heretofore used in gins of ari: 
sections where static electricity is a problem, and in mi! 
operating rooms to reduce fly and dust. Second pickin: 
tests, after the cotton plant was dead, showed that one pin 
of oil per bale is sufficient for picking and keeps the spin 
dles cleaner than does water. Sanus has been used to 
facilitate ginning. Its use in picking should reduce storag 
problems to those equal to handpicked cotton. 

Harvesting and insect control problems in cotton bot): 
pose questions of cotton variety. One particular “smoot!: 
leaf’’ variety has been selected by Dr. E. W. Dunnam, an: 
S. L. Calhoun, U. S. Bureau of Entomology and Plant 
Quarantine, cooperating with the Delta station for insect 
control work. This particular cotton has also been found 
to be more readily cleaned after harvesting by mechanical 
methods than any other variety. It is believed that the 
fewer the hairs on a cotton leaf (pilosity), the more readily 
can that lint cotton be cleaned during the ginning process. 

Contemplated studies for 1946 and following years will 
continue to compare plantation versus mechanization studies 
and will repeat the quality studies involving variety, ex- 
posure, and methods of picking. Also, the lint and seed- 
cotton cleaning studies will be continued in cooperation 
with the U. S. Cotton Ginning Laboratory. A facet of this 
program will be the breeding for plant characters that will 
aid in picking and cleaning of lint and seed cotton. 

Defoliation studies need to be expanded. Physiological 
and biochemical studies are urgently needed since there is 
much we do not know about the when and how of defolia- 
tion. The expanded program should include a large num- 
ber of varieties and greater variation in age of plants. 


EXPANSION OF FLAME CULTIVATION IS NEEDED MORE 
THAN ANOTHER PART OF THE RESEARCH PROGRAM 


The one field of flame cultivation alone, probably more 
than any part of the research program, is in great need of 
expansion. More extensive work is proposed in testing and 
developing types of machines, fuels, burners, and combina- 
tions of seedbed preparation, tillage, and flame cultivation. 
There are many questions and problems to which flame may 
be the answer. For instance, it is known that the lower 
branches of a cotton plant are in the main vegetative rather 
than productive. It may be that by destroying these lower 
branches with flame, cultivation will be facilitated. The 
cotton plant is highly adaptable, and it may be assumed 
that any fruit these lower branches might bear will be put 
on higher up in the plant. 

As stated previously, the control of weeds and grasses 
until time of regular flame cultivating remains the para 
mount gap in the mechanized program today. It is hope: 
that, by flaming the seedbed prior to time of planting an‘ 
again after the top soil has been disturbed, growth of weeds 
may be destroyed. It is possible also, that a third flamin; 
after the planting operation and just before the young co! 
ton seedling comes through the surface might aid in cor 
trol. The flame cultivation of crops other than cotton, suc 
as corn and soybeans, presents problems in row-crop ani! 
broadcast flaming and inject the element of speed of opere- 
tion. Flame may be the answer to problems of fallow 
eradication of noxious weeds and grasses in alfalfa; elim’. 
nation of weeds and vines on ditch banks, fence rows, an. 
turn alleys. A device has been developed that enables the 
application of insecticides and fumicides simultaneously 
with cultivation and flaming. (Continued on page 422) 
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Preliminary Engineering Studies for Dam Design 
By Samuel R. Sapirie 


NGINEERING studies are expensive. The salary and 

expenses for a typical survey party are approximately 
; $100 per day. Similar costs for a drilling crew total 
approximately $125 per day. Hydraulic model studies nor- 
vally cost from $1,000 to $20,000 each, depending upon 
‘e scope and completeness of the tests. Other types of 
gineering investigation required for dam design are simi- 
rly expensive. These high costs are responsible for the 
:cadency that has developed, in the past, to limit the engi- 
_ering investigations severely, thereby very often requiring 
at the design be based upon insufficient studies. 


The lack of adequate engineering studies, however, is 
-enerally much more costly than. are the studies themselves. 
‘ans based upon inadequate engineering studies usually re- 
sult in structural failures, unbalanced design, or overdesign. 
‘ig. 1 shows a spillway that failed shortly after completion 
cf construction, under flood conditions considerably less 
acute than the type of storm it was designed to meet. The 
<eficiencies of this spillway could have been disclosed, prior 
to construction, in a hydraulic model study, and corrected 
jor little, if any,‘additional cost. Because this was not done, 
the entire investment is lost and a new spillway must be 
built. In Fig. 2 is another spillway that failed shortly after 
completion of construction, under flow conditions consider- 
ably less than had been contemplated. The left abutment is 
sliding into the spillway, moving the sidewalls and buckling 
the floor slab. A proper investigation of the foundation 
soil conditions would have disclosed a thick layer of very 
expansive material underlying the spillway site. This made 
the site extremely undesirable. The spillway could have 


a 


This paper was presented at a meeting of the Southeast Section 
of the American Society of Agricultural Engineers at Birmingham, 
Ala., February, 1946. 

SAMUEL R. SapPiRIE is senior engineer, Soil Conservation Serv- 
ice, U. S. Department of Agriculture. 


been moved several hundred feet to the right, or a reanalysis 
of all data might have indicated that the project should have 
been abandoned. The spillway shown in Fig. 3 illustrates 
what is meant by unbalanced design. The flow at the time 
the photograph was taken was approximately 20 per cent of 
the design capacity of the spillway, but this flow already 
exceeds the safe capacity of the spillway channel. The spill- 
way crest has adequate capacity for the design flood, but 
this capacity cannot be discharged safely through the spill- 
way channel. A hydraulic model study would have disclosed 
this condition. Another example of unbalanced design is 
illustrated in Fig 4. The floor slab at the lower end of the 
spillway failed and the subsequent undercutting removed 
the sidewalls. It is interesting to note that the sidewall sec- 
tions were moved intact and after having been tossed around 
by the turbulent waters were found to be free of cracks or 
breaks. The floor slab and the inadequate drainage system 
under the floor slab were responsible for the failure and 
once they failed, the sidewalls, although properly designed, 
also failed. Inadequate spillway discharge capacity and in- 
sufficient ero might cause failure of the dam even 
though the spillway was otherwise adequate in every re- 
spect. Proper hydrologic and flood routing studies usually 
will prevent this type of failure. 

Where adequate basic data are not available, safe desi 
requires very conservative assumptions and costly overde- 
sign. The more dependable the data, the smaller the margin 
of overdesign needs to be. Consequently, if by making ad- 
ditional engineering studies the cost of construction can be 
reduced by more than the cost of the additional studies, it 
is desirable to do so. 

This raises the question of how much study should be 
made. 

Where life or valuable property are endangered, thor- 
ough study should be made to insure safety under all pos- 
sible conditions. 


Fig. 1 (Upper left) Spill- 
way failure due to poor hy- 
draulic operation. Deficien- 
cies could have been dis- 
closed prior to construction, 
in a hydraulic model study 
e Fig. 2 (Upper right) 
Spillway failure attributed 
to movement of abutment 
and foundation soils. Core 
boring and soils test would 
have disclosed presence of 
layer of highly expansive 
material underlying spill- 
way site @ Fig 3 (Lower 
left) Unbalanced design il- 
lustrated as capacity of 
spillway channel is exceed- 
ed although discharge is 
less than 20 per cent of the 
design flood for which the 
spillway crest was designed. 
Hydraulic model study 
would have disclosed this 
condition ¢ Fig 4 (Lower 
right) Spillway failure 
caused by uplift pressure 
under slab near point where 
hydraulic jump occurred. 
Subsequent undercutting re- 
moved sidewall sections, 
which, after having been 
tossed around by the turbu- 
lent waters, were found to 
be free of breaks or cracks. 
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For the smallest type structures, where economic factors 
dictate a design that will partially fail under certain condi- 
tions, the study should be limited to the minimum that will 
permit balanced design for approximately the life required. 
General studies can - made that are _—- to a large 
number of small structures. For example, hydraulic model 
studies are being made in the hydraulic esate at St. 
Anthony Falls, Minn., and other laboratories for stilling 
basins for small structures which can be used under a wide 
range of conditions. Similarly, soils studies have been made 
in western Iowa to develop design criteria for embankments 
for a large number of small dams that are being constructed 
with essentially the same type of soil foundation conditions. 

The greatest problem is that of determining the optimum 
amount of studies to be made in connection with the inter- 
mediate size structures. The size of structure is not neces- 
sarily a criterion of the amount of study required. For the 
intermediate size structures, the answer must be based on 
engineering judgment of the amount of funds that can be 
saved in construction costs due to balanced design and re- 
duction in overdesign that would result from additional 
studies as compared to the cost of those studies. 

The engineering studies required for the intermediate 
size dam will now be descitied briefly, assuming that the 
site, type and size of structure required have been decided, 
and also assuming that special studies to determine water 
yield and — reservoir silting have been completed 
satisfactorily. A certain amount of engineering studies must 
be completed before this assumed status is reached, but such 
assumptions free the discussion of the many ramifications 
connected with justification, economic considerations, and 
special type structures. 

The preliminary engineering studies for intermediate size 
dams must include several types of field surveys. A survey 
must be made to determine the size, shape, slope, cover and 
erosion, and soil infiltration factors of the a area. 
Aerial photographs, U. S. Geological Survey maps, and all 
other existing maps and data should be carefully checked in 
the field to determine their accuracy, and used if applicable. 
Thus the field survey can be limited to securing the mini- 
mum of information that cannot be secured from other 
sources. Complete surveys must be made of the reservoir 
area unless accurate detail surveys have already been made 
and are available. Normally the reservoir area survey should 
have an accurate triangulation control with the detail pro- 
vided by either plane table or stadia surveys. Usually a 5-ft 
contour interval and a linear scale of 1 in = 500 ft will 
suffice for the reservoir area map. These scales will be 
varied, however, depending upon the size and relief of the 
reservoir area. The dam site map should be based upon an 
accurate detail topographic survey using a grid system and 
providing ample area to include all possible appurtenances 
to the structure. A dam site map normally should have a 
2-ft contour interval and a linear scale of approximately 1 
in = 50 ft. An additional survey is required in the whe 
below the dam site for use in determining the tailwater 
curve or the water surface elevation at the downstream toe 
of the dam for various rates of spillway discharge. This sur- 
vey should cover the valley from one-half to two miles 
downstream, dependent upon the location of controlling 
stream cross sections. It should provide valley profile data 
with indication of reaches of similar hydraulic character- 
istics and typical cross sections for each reach. High water 
data and roughness coefficients at various stagés should also 
be indicated. A series of photographs showing typical chan- 
nels with various roughness coefficients is included in Ap- 
pendix A.7 of the handbook, “Low Dams’. (National 
Resources Committee publication, U. S. Government Print- 
ing Office). 
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Foundation and borrow pit exploration and investig:- 
tion form the second major type of studies. The purpose ci 
these studies is (a) to determine if there is any rock avai - 
able to which the structure can be anchored or the cutof s 
sealed, (b) to determine the possibility of wee under c¢: 
around the structure and the permeability of the foundatio 1 
and borrow pit soils, and (3) to determine the stability « 
the foundation and borrow pit materials. 

The advice of a competent engineering geologist is d - 
sirable and is considered necessary for important structure . 

The specific information desired is (a) the depth an i 
type of overburden on the rock under the site of the pr«- 
posed structure, (b) the location and extent of zones <r 
faults in the foundation through which seepage and pipir z 
could occur, (c) the shape and location of the rock surfa: 2 
if it is within a reasonable depth for possible use, (d) te 
type and condition of the existing rock; (If limestone \s 
present, is it soft or hard, porous or tight, and is there ary 
evidence of solution channels? If sandstone is present, is :t 
fractured or massive, fine or coarse, well or poorly cementec ? 
If shale is present, is it compaction or cementation type; 
does it slake when exposed to water; is it solid or disintc- 
grated?) ; (e) type and condition of soils in foundation and 
borrow pits (this includes classification, coefficient of perme- 
ability, optimum moisture content, consolidation and stabi!- 
ity) ; (£) degree of solubility of soils and rock; and (g) 
availability of natural materials for construction purposes: 
riprap, sand, gravel and soil (this information will affect 
cost of construction, thereby influencing the type of design). 

Samples of both soil and rock should be secured for 
visual and laboratory inspection and analysis. There are 
several methods of sampling, but in general soil samples 
should be taken by a dry sampling method. Test pits are 
desirable for samples from shallow layers, but due to the 
high cost this method is not practicable for deep holes. For 
the deeper holes, auger or core drill holes are desirable for 
securing samples. Undisturbed samples must be secured and 
protected for use in shear and compression tests. The pro- 
tection of these samples requires complete coating with 
paraffin to prevent loss of moisture or disturbance. Samples 
should be retained for every change of material, or at least 
once every 5 ft for uniform material. Labels and field logs 
should be prepared containing the following information: 
date, location, boring number, sample number for that bor- 
ing, surface elevation, depth at which sample was taken, 
representative of stratum from— ft to—ft, and field 
classification. Special notations should also be made of the 
elevation at which ground water or any special condition 
was encountered. 

Rock samples should be secured by core drilling, using 1 
diamond aril calyx drill or other special types, dependir 2 
upon the hardness and type of rock encountered. The cor’s 
should be retained in entirety, with reference being ma ¢ 
to hole number and depth. Wooden boxes can be used :) 
transport and store the cores. 

The location and depth of holes required is depende 
~ the ‘ype material encountered and the size and ty ° 
of structure being planned. A general plan should be est: 
lished before drilling is started, in order to insure pro} 
coverage. A small number of deep core holes can usua y 
be supplemented with a large number of auger, gener | 
purpose holes to develop profiles. The plan should be ma 
flexible enough to permit changes during drilling ope : 
tions, based upon results of the first or succeeding holes. .. 
an example, the first holes might be spaced 100 ft ape «. 
These holes might disclose that the existing material is u: '- 
form except for a limited area. In this area, it would th. 
be desirable to drill additional holes on 50-ft, 25-ft, 21 
smaller spacing. 
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The procedure and technique for laboratory soil tests 
have been developed and generally standardized during the 
last 10 years. Publication No. 268 of the graduate school 
of engineering of Harvard University (January, 1940), en- 
titled “Notes on Soil Testing for Engineering Purposes,” 
by A. Casagrande and R. E. Fadum, summarizes the labora- 
toy procedure generally followed at the present time. Classi- 
fixation tests are made of the soils materials to determine 
general characteristics and to permit the grouping of sam- 
pics by soil types. These tests include grain-size analysis by a 
combined sieve and hydrometer method to determine grain- 
sie distribution, Atterberg limits (which disclose the liquid 
ar 1 plastic limit and plasticity index of the material) , water 
ccatent, and specific gravity. The shear strength of the 
fo indation wd borrow pit soils is determined by triaxial 
¢ pression tests and direct shear tests. Permeability tests 
a > made to determine the amount of seepage through the 
f. andation and through the proposed embankment. Con- 
s idation tests are made to determine the amount of settle- 
ment that will occur in both the foundation and in the em- 
b nkment when the embankment is constructed. Com- 
p ction tests are made to determine the optimum water con- 
teat and the maximum dry and wet densities at which the 
berrow pit material can be consolidated in the embankment. 
Tue results of these tests provide data with which to design 
e:nbankment cross section and drainage system and to x - 
termine the factor of safety, the amount of leakage that will 
occur, the location of the phreatic line, the amount of set- 
tlement that can be expected and the procedure to be fol- 
lowed in construction of the embankment. 


Hydrologic studies are required to determine the size of 
the flood for which the spillway must be designed. The first 
part of the hydrologic study is the collection of basic data. 
Data can be secured from the U. S. Weather Bureau, the 
War Department, the U. S. Geological Survey, and the Soil 
Conservation Service, in addition to other special sources. 
It is important that the data be reliable. Information pro- 
vided by local residents, based upon casual observation, is 
sometimes unreliable. All such information must be care- 
fully weighed. The War Department has been collecting 
pertinent data regarding major storms in all sections of the 
country. We have found this information to be very valu- 
able in facilitating the completion of hydrologic studies. 

The most satisfactory methods available for developing 
the design storm for very small drainage areas are based 
upon empirical curves and formulas, or the Rational method. 
There are numerous such empirical curves and formulas 
that are applicable to the various sections of the country, 
but one must be familiar with their use or the results can 
be very misleading. The Rational method is based upon the 
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equation Q = CIA, where Q is the peak discharge in cubic 
feet per second, C is the ratio of maximum peak flow per 
acre given in cubic feet per second to the average rate of 
rainfall in inches per hour throughout the period of con- 
centration, I is the average rainfall intensity in inches per 
hour prevailing during the time of concentration, and A is 
the drainage area in acres. This method also requires care- 
ful use since various assumptions of the C and I values and 
the time of concentration can bring widely different answers. 

These methods are objectionable for larger structures 
because either efficiency or safety is usually sacrificed. For 
the intermediate size structures the unit-hydrograph method 
as developed for larger drainage areas is believed to be most 
practicable. This method is explained in Chapter 5, Article 
22 of Volume I, “Engineering for Dams,” by Creager, 
Justin and Hinds (John Wiley and Sons, 1945). The unit- 
hydrograph method is based upon the assumption that for 
any given drainage area the graph of runoff from a rainfall 
of some unit of duration will have ordinates in direct pro- 
portion to the number of inches of runoff-producing rain- 
fall. The unit hydrograph represents 1 in of runoff from the 
drainage area, for a rainfall of a certain unit of duration. 
This could be 3, 6, 12, or any number of hours. Smaller 
drainage areas require smaller units. For intermediate size 
drainage areas, a 6-hr unit hydrograph is usually satisfactory. 
A storm of longer duration can be broken into several unit 
durations and the excess rainfall applied against the unit 
hydrograph. to develop an outflow hydrograph for each 
duration. The summation of the ordinates for the several 
periods provides an outflow hydrograph for the entire storm. 
The unit-hydrograph method therefore permits the consoli- 
dation of major storm precipitation data and runoff data 
from different areas with similar rainfall-producing and 
runoff characteristics for application to the specific drain- 
age area. 

The use of the unit-hydrograph method is handicapped 
by the limitation of basic data. Rainfall and runoff records 
now available are for relatively short periods of time and 
records are not available for many of the small streams. 

The use of precipitation data for major storms in all 
areas of like rainfall-producing characteristics can be uti- 
lized by direct transposition, or by the use of depth-area 
curves. Fig. 5 shows how the storm of September 3-4, 
1940, in central Oklahoma, was transposed 38 miles west 
and applied to the drainage area above a dam under consid- 
eration, in an effort to anticipate the most severe rainfall 
for the drainage area. The average rainfall over the drain- 
age area, if the storm had been centered as transposed, 
would have been 18.7 in for the total drainage area of 75.4 
sq mi. Fig. 6 shows the maximum depth-area curves for the 
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5 (Left) This map shows the transposition of a major storm to the drainage area being studied ¢ Fig. 6 (Right) Maximum depth- 


area curves for the same storm as shown in Fig. 5 
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Fig. 7 A design flood developed with the use of the 
depth-area curves, infiltration rates for prevailing soil 
type, cover and slope, and synthetic unit hydrograph 


same storm. These curves indicate the maximum average 
depth of rainfall, in inches, for a 6-hr period of the storm, 
a 12-hr period, an 18-hr period, and a 54-hr period, for any 
area from 0 to 600 sq mi. The use of these curves yields a 
larger average rainfall than by direct transposition of the 
storm, but, as an added factor of safety is usually desirable, 
and as the curves simplify the use of the storm data, this 
method is generally used. The maximum average depth of 
rainfall for the 75.4 sq mi in the drainage area mentioned 
above would be 20.0 in if the maximum depth-area curves 
were used instead of the 18.7 in secured by direct trans- 
position. 

Gaging stations and discharge data are usually not avail- 
able at the sites for intermediate size dams. It is therefore 
usually necessary to secure the unit hydrograph by adapting 
runoff data from a larger or smaller size drainage area on 
the same stream or another stream of like runoff character- 
istics, or by developing a synthetic unit hydrograph. The 
lag, in hours, for similar drainage areas of different sizes 
varies in direct proportion as the square root of the size of 
the drainage areas in square miles. Similarly, the peak dis- 
charge for the two drainage areas will vary as the square 
root of the size of the drainage areas. 

The Snyder method of developing synthetic unit hydro- 
graphs, as described in the article, entitled ‘Synthetic Unit 
Graphs,” by Franklin F. Snyder, in Part I of the 1938 
Transactions of the American Geophysical Union, has been 
found to give results that closely approximate the recorded 
unit graphs for the areas that we have considered. 

In addition to the data on major storms and the unit 
hydrographs, it is necessary to know the minimum rate of 
infiltration that would result from a major storm in the 
drainage area. There are two critical rates to be considered, 
namely, the initial infiltration and the uniform infiltration 
that follows after the initial infiltration limit has been reach- 
ed. The infiltration data can be secured either by field de- 
termination or from use of research station data. The 
USDA Technical Bulletin 729 (July, 1940), “Relative In- 
filtration and Related Physical Characteristics of Certain 
Soils,” provides basic data for most of the soil types we 
have considered. Slope and cover and erosion data are used 
in the final determination of infiltration rates. 

The minimum infiltration rate data is applied to the 
maximum rainfall data so as to determine the most severe 
runoff conditions for use in developing a conservative de- 
sign flood. Fig. 7 illustrates a design flood developed with 
use of the depth-area curves for the Hallett, Okla., storm 


Fig. 8 Peak discharges for design floods developed for dams now 
under consideration, plotted according to size of drainage areas 


Curve Is US Bureau of Reclamation curve tor 
Maximum Design Storm, from Hydrologic Report tor 


ves US Engneer Office, Littie Rock, Ark 
Curve of Mommum Expenences Oischorge 
Factual Date on Experienced Hydrology 1 the 
@ 14m (!Q000+ My 

wWOem 


Southwestern Division 


wo oo 1000 
LAND UTILITIZATION DAMS 
Region 4 


DRAINAGE AREA-PEAK DISCHARG 
FOR MAXIMUM DESIGN FLOOD 


< « » © eo wo 
Oranage Area in Square Miles 


and compared to U.S. Bureau of Reclamation and 
U.S. War Department curves 


of September, 1940, a synthetic unit hydrograph develope:! 
by the Snyder method, and infiltration rates secured from 
USDA Technical Bulletin No. 729, with the assistance of 
soils technicians familiar with the area. Fig. 8 summarizes 
the peak discharge for the maximum design flood, as de- 
veloped by this method for a number of dams under con- 
sideration, plotted with relation to size of drainage area in 
square miles and compared to curves of the U. S. Bureau 
of Reclamation and the U. S. Engineer Corps Office at Lit- 
tle Rock, Ark. 

The peak of the design flood is reduced by the effect of 
the reservoir storage capacity above the spillway crest eleva- 
tion in determining the discharge peak for the spillway. 
The amount of reduction is, of course, dependent upon the 
relative size of the reservoir storage capacity. To determine 
the amount of reduction, it is necessary to have a curve 
showing the reservoir storage capacity at various elevations 
above the spillway crest elevation and also to have an ap- 
proximate rating curve showing the discharge for the spill- 
way under consideration. There are two methods generally 
used to route the flood through the reservoir and spillway, 
either of which is satisfactory. The “trial-and-error” method 
is mathematical. Assumptions are made of the water surface 
elevation, by increments of time, the reservoir storage ca- 
pacity of which will absorb the difference between the flow 
into and out of the reservoir. Each assumption is checked 
and the process continued. The ‘‘graphical’’ method uses 
the same general principle, but is somewhat simpler and is 
more readily checked to determine the accuracy of the fina! 
results. Fig. 9 summarizes the results of flood routing b: 
the graphical method for a relatively large reservoir, i: 
which case the maximum discharge is reduced from the 
60,000 cfs peak of the inflow hydrograph to the 15,70 
cfs peak of the spillway outflow hydrograph. Fig. 10 sum 
marizes the results of graphical flood routing for a reservoi: 
that has a very uaineaiie storage relationship, in whic’ 
case the spillway discharge peak of 56,200 cfs is almost « 
great as the inflow hydrograph peak of 56,400 cfs. 

There are several possible relationships of spillwa, 
crest length to discharge head that can be used for any 
given dam location. The spillway crest elevation is usual’ 
fixed by other factors, e.g., storage capacity required, et. 
but the additional head required for a crest of short + 
length can be made coathde Ge increasing the height of tl < 
dam. It is desirable, therefore, to prepare rating curves fo: 
several different spillway crest lengths for use in flood rou - 
ing of the design storm. The use of a shorter length crest 
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will result in a saving in cost of construction of the spill- 
way, but will require an additional cost of construction of 
the embankment. The most efficient design will, of course, 
result from the length of crest which provides the lowest 
total cost for construction of the spillway plus the embank- 
ment. 

The computations must provide for a freeboard above 
the maximum water stage. The amount of freeboard is de- 
termined with use of Stevenson’s formula for wave action, 
in which the height of wave from trough to crest, in feet, 

-0.17 X WVF + 2.5 — WF, in which V is the wind 
velocity in miles per hour and F is the fetch or straight 
length, in nautical miles, of water subject to wind action. 
A factor must be applied to the height of wave to provide 
for the ride-up on the sloping side of the embankment and 
a further addition must be made to provide for frost action 
in the earth embankment. These factors will vary in dif- 
terent locations, and we have found that for the dams now 
vader consideration by the Soil Conservation Service in the 
western Gulf Region the freeboard provided by applying 
. factor of 1.4 to the total height of wave secured from the 
stevenson formula provides a satisfactory figure. 

An additional study must be made to develop tailwater 
curves to show the range in depth of water in the outlet 
channel at the dam site that should be expected for various 
rates of discharge. All or part of the tailwater curves can 
sometimes be secured from stream-gaging records. The 
records, however, normally do not contain sufficient data 
to provide for the upper end of the curve for discharges 
approaching and exceeding the design storm. Nevertheless 
gaging station records, where available, are valuable in de- 
termining the roughness coefficient for guidance in estimat- 
ing the roughness factor to be used for greater rates of dis- 
charge. If sufficient stream gaging records are not available 
to permit the development of a complete tailwater curve, it 
is necessary to compute such a curve. Two principal methods 
are generally used. The first is the “long-distance bed- 
slope method,” in which Kutter’s 7 (roughness coefficient) 
is estimated for various depths of flow at the dam site, and 
the long distance bed slope and average hydraulic character- 
istics for typical sections are used to determine the discharge 
at the dam site for various depths of flow. This method can 
be simplified somewhat by drawing three curves showing 
the relation between depth of flow in each case against (1) 
average areas, (2) average wetted perimeters, and (3) n 
values. The second method is known as the “backwater 
curve” method. A control point is established one or two 
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miles downstream and then, using estimated values of n 
and average hydraulic characteristics for each reach, the 
water-surface elevation is computed upstream to the dam 
site for various discharge rates. The advantage of this 
method is that considerable latitude is permitted in estimat- 
ing the water stage at the control point. Any normal error 
in the original estimate is practically eliminated by the time 
the calculation has been carried through several reaches up 
to the dam site. This method can also be used for graphical 
determination of the tailwater curve, as explained in King’s 
‘Handbook of Hydraulics,’ under the description of Leach’s 
backwater method. We have found the graphical method 
preferable. 

The tailwater curve must, of course, reflect the effect 
of any water being discharged through the emergency spill- 
way and all stream branches into the valley immediately 
below the dam. Fig. 11 illustrates the tailwater curves de- 
veloped for a structure under consideration by the Soil Con- 
servation Service, in which. flood conditions on the main 
creek below the dam site have an effect upon the depth of 
water in the stream channel at the dam site. This therefore 
makes possible a wide range of tailwater depth, particularly 
for the lower discharge rates. 

Upon completion of the aforementioned studies, one is 
ready to prepare preliminary designs of spillways. Such pre- 
liminary designs, in so far as practicable, should be based 
upon accepted design practice. Unorthodox designs should 
be avoided. Open channel or overfall-type spillways are 
preferable to side channel, syphon, or other special types, 
although special conditions sometimes dictate the use of a 
special design. 

With use of a standard ogee-shaped weir crest, it is 
usually possible to increase the efficiency of the entrance 
about 25 per cent over an open channel spillway without 
such a crest, and thereby reduce the width of the spillway 
at the entrance proportionately. The overflow crest section 
shown in Chapter 9:5 of the handbook, “Low Dams,” may 
be used for preliminary design. In order to have maximum 
crest efficiency, it is necessary to have the approach channel 
deep enough to avoid high-velocity flow. For very low 
heads the approach depth should be equal to 0.6 times the 
head, but a depth of approximately 3 ft is adequate for 
heads up to 8 ft. The approach channel should be free of 
obstructions and shaped so as to encourage symmetrical flow. 

Stilling basin design has been given considerable study 
in hydraulic laboratories and has resulted in general accept- 
ance of certain principles. Such basins make use of the 


Fig. 9 (Left) This hydrograph 
shows the results of routing 
+ + } .  . design flood through a rela- 
hers 119 5 -ea-Freae- regs tively large reservoir in which 

} > +t--~—-1 case the peak discharge rate 
is only 15,700 cfs, as compared 
to the peak inflow rate of 60,- 
000 cfs. Reservoir capacity has 
a major effect on the discharge 
rate @ Fig. 10 (Right) This 
hydrograph shows the results 
of routing design flood through 
a relatively small reservoir. 
| The peak discharge rate of 56,- 
+ 200 cfs is almost as great as 
* the peak inflow rate of 56,400 
cfs. The reservoir has a negli- 
gible effect on discharge rate 
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Fig. 11 This ph shows the range in tailwater depth due to effect 


of main creek below the dam site on the depth of water in the 


stream channel at the dam site 


hydraulic jump for dissipating energy and reducing velocity. 
The conditions that are required for the hydraulic jump can 
be solved with use of the “momentum” formula, provided 
the depth of water and velocity at the entrance to the still- 
ing basin are known for various rates of discharge. The 
momentum formula is as follows: 


d, a 
t —— + 
z 4 g 


where v, is the velocity above the jump, d, is the me 
above the jump, v, is the velocity below the jump, and d, 
is the depth below the jump. Various curves have been de- 
veloped for the graphic solution of the above equation. The 
set of curves shown as Fig. 44 of the “Low Dams” hand- 
book was developed by the U. S. Bureau of Reclamation 
and permits simple solution of the equation. With knowl- 
edge of the depth of water below the jump, it is possible to 
use various empirical relations to complete the design of 
the stilling basin. The length of the U.S. Bureau of Reclama- 
tion basin should be approximately three times the depth 
below jump. The floor elevation of the stilling basin should 
be established so that the normal tailwater elevation for each 
discharge rate is grengge | the same as the surface of 
the water below the jump. If there is not sufficient tail- 
water, the jump will occur outside of the stilling basin and 
will cause considerable scour. If there is an excessive 
amount of tailwater, there is a possibility of the jump be- 
ing drowned out, which causes a high velocity jet to flow 
along the floor tending to create scour below the stilling 
basin. More latitude is permissible for having an excessive 
tailwater than having a deficiency in tailwater. The use of 
floor blocks and an end sill helps confine the jump to the 
stilling basin and permits a reduction of about 15 per cent 
in the depth of water below the jump, as calculated from 
the momentum equation. The basin width should conform 


Fig. 12 (Left) This hydraulic model 
demonstrates the development of 
cross waves in a diamond-shaped pat- 
tern due to rapid reduction in channel 
width ¢ Fig. 13 (Right) This view 
shows the scour pattern resulting 
from model run illustrated in Fig. 12 
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to the outlet channel in so far as practicable, but it may be 
adjusted to permit the location of the stilling basin floor 
at a satisfactory elevation. The height of the stilling basia 
sidewalls should provide adequate freeboard for the dept 
of water below the jump and for the maximum tailwater 
depth. The stilling basin floor should be designed wit 
adequate anchorage, weight and drainage to counteract tl = 
uplift pressure caused by the difference in depth of wat:r 
over a comparatively short length of floor slab. Practicab': 
design usually does not permit the use of a sufficient thic!.- 
ness of concrete to provide the weight necessary to offs t 
the entire difference of pressure for the maximum flow cor - 
dition. In such instances, the design usually provides fcr 
sufficient thickness to withstand the normal difference i1 
tailwater and depends upon drainage relief to protect the 
floor slab under maximum discharge conditions. 


The channel between the crest and the stilling basin 
should, if practicable, be symmetrical about the center lin: 
and should have a straight alignment for high-velocity flow. 
It is satisfactory to use curved approach channels above the 
spillway and curved discharge channels below the spillway 
where the velocities are subcritical, but in the spillway chan- 
nels where above-critical velocities exist, it is desirable that 
the channels have straight alignment. Critical velocity is 
the velocity at which a given quantity of water flows wit: 
minimum energy head. Under such condition the water is 
said to be flowing at critical depth. Critical depth equals 
two-thirds of the total specific energy, the remaining one- 
third being velocity head. In other words, the velocity head 
is equal to one-half the depth of water. The use of curves 
in the alignment of the spillway channel causes the high 
velocity water to pile up on the outside of the curves and 
develops standing waves. It is difficult to determine the 
wave height and hence the wall height required. The use 
of spillway channel curves makes it difficult to secure uni- 
form distribution of flow into the stilling basin. Such flow 
is necessary for efficient operation of the stilling basin. 


In open channel spillways it is usually possible to eftect 
a saving in construction cost by using a channel width less 
than the length of spillway crest. This is due to the basic 
hydraulic equation—discharge equals area times velocity. 
The velocity of the water approaching the spillway is usu- 
ally negligible; therefore, the velocity over the crest is rela- 
tively small. This requires a long length of crest in order 
to keep the head over the crest within reasonable limits. 
After the water passes the crest and continues flowing dowr 
the spillway, the velocity is usually increased so that the 
cross-sectional area can be reduced. The utilization of the 
reduction in cross-sectional area by reducing the width 
usually permits maximum saving; however, such reduction 
in width must be made carefully in order to prevent the de- 
velopment of cross waves in the familiar diamond-shapec 
pattern as shown in Fig. 12. We have learned by the us: 
of hydraulic model studies that by using curved sidewall: 
with a minimum radius of approximately 1,000 ft and . 
circular curved crest normal to the point of beginning c 
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curve of the sidewalls, it is possible to ef- 
fect reduction in channel width without 
creating harmful waves. In such designs, 
however, it is desirable to use a relatively 
flat gradient for the floor slope for the 
portion of the spillway where the sidewalls 
are curved and a relatively steep grade for 
the lower end of spillway into the stilling 
sin. The gradient of the floor at the up- 


3 o 


vclocity slightly in excess of critical veloc- 
it\. A slope of 3 horizontal to 1 vertical 
fr the lower or chute section of the spill- 
way has been found to be satisfactory. 

Where the grade changes from rela- 
tively flat to steep, it is desirable to have a 
| ng radius curve to prevent the develop- 
ment of excessive negative pressures. A 
vertical curve with a radius of approxi- 
v.ately 100 ft is usually satisfactory for the 
cade change indicated above. In the pre- 3000 
| minary design of the channel the water- 
surface flow line and energy grade line 
should be computed for maximum discharge rate. The 
height of the sidewalls required is determined by adding 
the necessary freeboard to the maximum water-surface ele- 
vation. The flow line and energy grade line are computed 
with use of Manning’s formula by the usual progressive 
trial-and-error computation, starting at the lake surface ele- 
vation for the maximum design flood. Fig. 14 is a pre- 
liminary design for one of the spillways now under consid- 
eration by the Soil Conservation Service. 

It is sometimes possible to consider several preliminary 
designs which appear to be equally satisfactory for all of 
the existing conditions affecting design. The choice be- 
tween such preliminary designs is determined by the rela- 
tive cost of construction. Cost studies are therefore made to 
determine the most efficient design. Where cost estimates 
must be prepared for a large number of spillways for these 
economic studies, we have found it desirable to prepare 
curves showing the cost per lineal foot for various wall 
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Fig. 14 The preliminary design of a new spillway resulting from engineering studies. 


heights and unit costs for floor slab, drainage and excava- 
tion items. These data do not provide an exact answer re- 
garding the cost of constructing a single structure, but do 
indicate the relative costs of the several structures. 

Upon completion of the cost studies, it is usually desir- 
able to conduct hydraulic model studies to check and refine 
the best preliminary design to insure economy and safety. 
Such model studies are based upon the laws of hydraulic 
similitude. A definite scale ratio such as 50:1 is used and 
the results of the model are multiplied by the proper ratio 
to obtain the paves condition. In spillways the slopes 
are usually relatively steep so that the gravity forces are 
dominant and other forces such as friction are relatively un- 
important. Under these conditions the following relation- 
ships apply: (a) length for prototype equals the length of 
the model times the linear ratio; (b) time for the prototype 
equals the time for the model times the square root of 
the linear ratio; (c) velocity for the prototype equals the 
velocity for the model times the 
square root of the linear ratio; (d) 
areas for the prototype equal areas 
for the model times the square of 
the linear ratio, and (e) discharge 
for the prototype equals discharge 
for the model times the 5/2 power 
of the linear ratio. The hydraulic 
models satisfactorily reproduce the 
flow pattern and velocity distribu- 
tion and amount. Fig. 15 shows a 
comparison of the model and pro- 
totype for the same spillway at 
approximately the same rate of dis- 
charge. The scour patterns below 
the models show the relative effi- 
ciency of the stilling basins, but do 
not necessarily reflect the precise 
depth of scour for the = 
Fig. 13 shows the scour pattern after 
the completion of the model run 
shown in Fig. 12. It is desirable to 
have the model studies made at an 
established hydraulic laboratory and 
with use of skilled personnel be- 
cause experienced judgment must be 
exercised in conducting and inter- 


| 


A comparison of model and prototype of spillway at approximately the same dis- 
charge rate. Note the similarity of wave pattern 


preting the tests. 
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It is necessary to provide the hydraulic laboratory with 
complete basic data in order to insure satisfactory results. 
The basic data should include the following: (a) topo- 
graphic map of the spillway site with approach and outlet 
areas shown in detail, (b) plans showing dimensions and 
elevations of preliminary spillway designs to be considered, 
(c) spillway rating curves showing the stage-discharge re- 
lationship up to design flood peak plus 50 per cent, and 
(d) tailwater rating curves showing the water depth in 
stream below the spillway for all spillway discharge quanti- 
ties up to the design flood peak plus 50 per cent. Close 
liaison should be maintained between the hydraulic labora- 
tory and the design office. 

The principles and practice of hydraulic model studies 
as generally adhered to at the present time are summarized 
in the American Society of Civil Engineers’ Manuals of 
Engineering Practice, No. 25, entitled “Hydraulic Models.” 


The hydraulic laboratory is usually equipped with a 
water storage tank and pump with capacity adequate for the 
ratio of prototype to model being used. A scale ratio of 
about 50:1 has been found to be desirable for model studies 
of the spillway that we are now investigating. Small size 
structures can be studied on larger scale models. The rate 
of discharge of water is determined with the use of either 
a Venturimeter or a calibrated weir. The velocity of flow 
is measured with either pitot tube or current meters. The 
direction of flow is determined with chips of confetti, dye, 
or simple flow direction indicators. The scour pattern is 
measured with use of a sounding rod on scaled guides 
which are movable on measured rails. Model of the spillway 
is usually constructed of wood to accurate measurements 
at an undistorted scale ratio. The entrance conditions are 
simulated by molding sand or plaster to the correct shape. 


DESIGN OF MODEL SHOULD PERMIT MODIFICATION 
WITHOUT COMPLETE RECONSTRUCTION 


The model should be designed so as to permit modifi- 
cations during tests, without complete reconstruction. The 
normal method of operation is to mold the sand bed below 
the spillway to the proper shape to simulate the stream bed. 
The model channel is then flooded to bring the tailwater 
to the correct elevation. Flow is then started through the 
spillway and the discharge rate and tailwater depth are then 
adjusted. The depth of flow and velocities are measured at 
various points. Photographs are taken during and after 
tests to show characteristic conditions. Tests are run for 
several representative discharge rates, usually up to the 
design flood plus 50 per cent. Tests are also run with the 
tailwater depth varying from the tailwater curve so as to 
determine the tailwater range for which the model will 
operate satisfactorily. The results of the tests are compiled 
with complete notes of all information of particular inter- 
est. The scour pattern is measured and the extent of ero- 
sion and deposition resulting from each run are indicated 
by plotting contours. The model is modified at the labora- 
tory to correct any hydraulic deficiencies or to reduce the 
cost of construction. Such modifications are confined within 
limits imposed by the design office. After completing modi- 
fications of the model, additional tests are made to deter- 
mine their effect. Sketches should be prepared showing rec- 
ommended changes in the preliminary design and a complete 
report prepared, summarizing the results of the model study. 
General conclusions can sometimes be reached that are ap- 
plicable to several similar spillways so that individual detail 
tests need not be run. 

As a result of the model studies, it is usually desirable 
to modify the preliminary design and cost estimate to reflect 
the improvements found desirable. The results of all tests 
and studies should then be considered in a critical review 
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of the final preliminary design. In case any doubt exis 
regarding the adaptability of the design to the local top 
gtaphic conditions, a survey should be made and the stru 


ture staked out at the site and all questionable conditio: 
checked. 


The preliminary studies should be summarized in a r 
port showing the basic data and assumptions used and t! 
results of all tests leading up to the established design. T! 
preliminary engineering studies can then be considered cor 
plete and the structural design initiated. 


Flame Cultivation and Other Mechaniza- 
tion of Cotton 
(Continued from page 414) 


More work is needed on this. Tests should also be set up 
study the effect of flaming alone as compared to flaming t 
drill and cultivating the middles for the last two or thr 
cultivations before the crop is laid by. It may be that the 
last cultivations of middles cut the feed roots of crops ai 
seriously affect yields. A test should also be conducted « 
handling the entire crop by flaming with no mechanical c 
tivation by plows. 

Studies are needed on the use of picking aids in t 
early season, and on the variations in the aggressiveness 
picker spindles which Texspray would seem to allow. TI 
study would show the related effect of doffing efficiency 
aggressiveness of spindles and would include the effect 
the agent and these operations on cleaning of seed cott 
and lint, as well as cleanliness and efficiency of operati 
of the machine itself. The Texspray studies would inclu 
picker efficiency, also evaluate the quantity of cotton pick 
as related to value. 

The scope of the research program at Stoneville is su 
that all cotton interests have displayed much interest in 
Facilities for coordinated ah, plus the adaptability 
the region to mechanized operation, lend themselves to t 
solution of many of the fundamentals of efficient producti 
and processing of quality cotton. Some of the engineeri 
aspects of southern agriculture have been long neglect 
There is a great deal of information needed on tilla 
stress and strain on machines as related to soil types, a 
similar information. Then, too, it is known that if south: 
agriculture is to progress for the material and human be: 
fit of southern people, research must lead the way and | 


agricultural engineer has a definite part to play in south: 
agriculture. 


Family Farm Opportunity 
(Continued from page 397) 


War-born shortage of labor has emphasized the need : 
opportunity for increasing work efficiency by mechanizati 
work simplification, high-yield crops and livestock, < 
other production engineering and good farming princip 

It appears that small, closely knit, going concerns, w 
labor, management, and capital all represented in a sn 
group of individuals working together in mutual inter 
have a great opportunity to set an example and lead the \ 
to full production. They are ideally adapted to balance tl 
applications of labor, management, and capital so that ¢ 
may contribute its maximum to their combined producti 
The result can only be increased total output a maxim 
earnings creditable to each factor in production. 


The family farm is one large class of enterprise of 
type in an unusually favorable position to show what car 
done by the balanced application of labor, management, 
capital toward a common production objective. 
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A Soil Sampler for Pore Volume Studies 
By Russell Woodburn and T. N. Jones 


MEMBER A.S.A.E. 


ANY types and sizes of soil samplers have been 
I introduced in the field of soil science for various 

purposes. Several existing samplers were tried in 
connection with the soil pore space studies in a 
ard none were found exactly to fit the needs of the work. 
Ir this study it was necessary to have comparatively large 
s: ples (300 cucm or more) in order to reduce laboratory 
errors in measurement. 

In any study of pore volume it is necessary that the soil 
smple be as free as possible of compression or disturbance 
by sampler action. On some field sites non-capillary ~ vol- 
ume was as low as 1 or 2 per cent and would have been en- 
tively eliminated by a small amount of sampler compression. 

After preliminary studies of various sampler designs it 
as decided that a sampler for pore volume studies should 
meet the following specifications: (1) A thick sample must 
be avoided—probably not in excess of 2 in should * taken 
ii) One container; (2) the sampler must have as thin a wall 
as available material will per- 
mit, thereby minimizing soil 
disturbances; (3) the sampler 
must permit driving into the 
ground, rather than jacking, in 
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Fig. 1 This picture shows the jig (used in making steel soil 
sampling cylinders) in place on lathe with a sampling cylinder 
being sharpened 


A'studs used to anchor collarin fixed position 
B studs used to clamp tubing in place on jg 
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order that samples may be obtained in any location and at 
any time of the year; (4) the soil must be tight enough in 
the sampling tube to permit moving sample, as taken, to 
laboratory for processing. 

It is the —- of this paper to present a description 
of the sampler that was designed and some results of per- 
formance tests. 

Construction of the Sampler. The soil sample is taken 
in a 2-in section of seamless steel tubing, 31/2 in ontside 
diameter, with a wall thickness of 0.049 in. This tubing 
was not thick enough to resist the crushing pressure of a 
lathe chuck when held for cutting into sections and machin- 
ing. It was found necessary to design a jig for holding the 
material while the machine work was done. 

The jig is shown in Figs. 1 and 2. The tubing is slipped 
over the open end of the jig and cut into sections slightly 
over 2in long. These sections are then placed on the jig 
and cut to exact length—2 in—and both ends are squared. 
The lower end of the 2-in sec- 
tion is then chamfered to the 
desired sharpness for driving. 
Since the end of the jig is a 
guide for the final cutoff, all 
sections are identical in length. 

When conditions are such 
that full stocks of seamless 
tubing are available, it is rec- 
ommended that a thinner wall 
than 0.049 in be used, probab- 
ly as thin as 0.033 in. A jig of 
some type would then be even 
more necessary for machine 
operations on the material. 

Use of the Sampler. The 
sampler tube or cylinder is 
forced into the soil by means 
of a round steel head bearing 


End View 
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Fig. 2 Detailed sketch of the jig used for cutting and machining thin-walled steel tubing for soil sampling 
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Fig. 3 (Left) This shows the driving head, two soil sampler sections, and a machinist’s hammer ¢ Fig. 4 (Right) The soil sampler in 


uniformly on its top end. The ball end of a 3-lb machin- 
ist’s hammer is used to drive upon the center extension of 
the driving head. It was found that very light blows of the 
hammer on the driving head were superior to heavy blows 
in reducing the amount of compaction. Little difficulty was 
encountered in driving the sampler into most soils. It is 
essential that the sampling cylinder be lubricated both in- 
side and outside before forcing into the soil. Warm pe- 
troleum jelly has proven satisfactory for this purpose. The 
driving head, hammer, and two sampler sections are shown 
in Fig. 3, and the assembly in use is shown in Fig. 4. 
After a 2-in depth has been sampled, the soil is cut away 
and leveled in preparation for the next 2-in sample. 

Tests of the Sampler. The sampler did not cause any 
apparent compression on most sites when tried in the field. 
However, detailed data on this point were desired on sev- 
eral representative soil types thought to present unusual 
difficulties. Yazoo clay, Memphis silt, and Houston clay 
were selected for this purpose. These mineral soils are prac- 
tically structureless materials of very high porosity (see 
Table 1). These materials of high porosity (due to lack of 
gtading) were considered to present a greater problem in 
sampling than a well-graded soil. Another soil type, Tabor, 
was selected because it contains a hardpan a few inches be- 
low the soil surface. 

A round steel block slightly smaller than the sampling 
cylinder was equipped with a large steel ball welded to its 
top and used for an elevation reference. This steel block 
was placed upon the soil surface and a level rod reading on 
top of the ball was taken to nearest 0.001 ft before cylinder 
was driven. After driving, the steel block was again placed 


Table 1. DESCRIPTION Of SOILS And RESULTS Of DRIVING TESTS 


Soil type Texture Volume Moisture, Com- 
characteristics weight content, % pression, 
Yazoo clay dry weight ft 
2-10 in 80% clay 1.05 to 1.13 50 0 
Memphis silt 
8-9 ft 90% silt 1.18 to 1.28 15 0 
Tabor sandy loam Well graded to 
0-2 in high sand 1.59 12 0 
2-5 in Well graded 1.81 18 0 
Well graded to 
5-10 in moderate clay 1.57 to 1.67 20 0 
Houston clay 
2-10 in 60% clay 
One group of 
3 cylinders 1.28 to 1.33 34 0.004* 
One group of 
5 cylinders 1.20 to 1.33 36 0 


*Only soil type on which compression was found. This very sticky clay 
appears to be sensitive to areas of minor roughness on inside of walls. 


operation. Samples are usually taken in duplicate 


on the soil surface and another reading obtained. Differ- 
ence in rod readings was a measure of the amount of com- 
pression, if any, in the soil core. Performance was satisfac- 
tory on Yazoo, Memphis, and Tabor. Some difficulty was 
experienced with Houston clay. Compression of 0.003 ft to 
0.005 ft was observed in some samples (Table 1). 

It was thought that compression of a sample was a 
direct function of surface drag on the inside wall of the 
cylinder. It was, therefore, considered necessary to keep the 
cylinders as smooth as possible. The ordinary steel tubing 
used in these sections had a pronounced tendency to rust 
and pit. It was found very helpful to polish the tube sec- 
tions in a lathe with 2/0 emery and a dry powder, such as 
Bon Ami, after each use. Stainless steel, when available, is 
recommended for future use. 

After the sample is obtained in the field, the soil core 
must be smoothed off even with both top and bottom of 
the sampler tube. Some difficulty has been encountered in 
this operation on heavy clay samples. There is a tendency 
to smear or seal the soil pores, and the closed pores inter- 
fere with suction table tests. A hand hack saw blade with 
the set ground off the teeth is the most satisfactory tool 
found to date for this cutoff work, although it leaves muc! 
to be desired. 

Preliminary tests indicate that the seal may be broken 
by placing the soil core momentarily on a red hot stec! 
plate. A very thin film is instantly brought to dryness and 
the cracking and checking in this film gives access to the 
undisturbed soil above. The second or two interval on the 


hot plate is not long enough to appreciably reduce the moi»- 
ture content above this film. 


CONCLUSION 


On the basis of several month’s experience and field tes s 
the sampler appears to be satisfactory for the design purpo: . 
Samples of undisturbed soil may be taken which w | 
permit precise determination of porosity for most soil typ: >. 
Within the limits of existing suction table technique, si 
distribution of the pores may then be made. 

The jig design used is somewhat expensive in first cc +t 
but will permit an unlimited number of sampling cylind: -s 
to be made easily of identical length and trueness. 

The sampler may generally be used to advantage on sc !s 
offering difficulties, such as hardpans and other impervic iS 
sites. If a soil should be encountered where apprecia' le 
compression occurs, special precautions should be tak: 1. 
The actual amount of compression may be determined >y 
elevations on the soil surface before and after driving aod 
volume correction should be made. 
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Drying Ear Corn in Farm Cribs by Natural Ventilation 


By Claude K. Shedd 


FELLOW A.S.A.E. 


NY proposal to dry corn artificially must be based on 
the thesis that the customary practice of drying by 
storage in farm cribs is not entirely satisfactory. 
Artificial drying, if it is to be economically feasible, must 
either reduce the cost per bushel or else produce corn of 
better quality than would be obtained by crib storage. Con- 
sideration of the results obtained by customary methods of 
ear corn storage is essential in establishing the value of 
artificial drying. 

The grain storage research work of the U. S. Depart- 
ment of Agriculture included numerous observations of 
storage of ear corn in farm cribs during the years from 
1937 to 1945. These studies were carried on in certain 
counties in Indiana, Illinois, Iowa, Minnesota, and Ne- 
braska. (See accompanying map). From each crib under 
observation, probe samples were obtained for moisture and 
damage determinations in the winter and again late in the 
spring or in the summer. These data showed how much 
the corn had dried and how much damage had developed 
under different conditions. 

Prior to 1944 the crops were mature and in normal con- 
dition at harvest time. A large part of the corn in these 
storage studies prior to 1944 was sealed under Commodity 
Credit Corporation loans under a requirement that the mois- 
ture content must be not more than 20.5 per cent. The 1944 
and 1945 crops were generally high in moisture content in 
the northern part of the Corn Belt. A large part of the corn 
in storage studies these last two years contained 
from 20 to 30 per cent moisture when first sampled. 
The 1944 crop was generally mature but high in... 
moisture content throughout the Corn Belt. The “year 
1945 crop was immature in extensive areas at the 


: 1937-38 
end of the growing season. 

The effect of the moisture content at the first 
inspection upon the grade of corn produced by crib 1938-39 
storage in the crop years 1937, 1938, 1940, 1941, *4°*? 
1944 and 1945, is shown in Table 1. 1941-42 

This paper was Pa at the annual meeting of the 1944-45 
American Society of Agricultural Engineers at St. Louis, 

Mo., June, 1946, as a contribution of the Farm Structures 
Division. 
CLAUDE K. SHEDD is agricultural engineer, division of 1945-46 


farm buildings and rural housing (BPISAE), U. S. De- 
partment of Agriculture. 
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This map shows the locations of USDA investigations of corn 
storage in farm cribs 


In storage of the 1937 crop, 194 cribs were observed 
which contained corn with less than 20.1 per cent mois- 
ture. Only 32.5 per cent of these cribs produced No. 1 
corn; 26.8 per cent produced No. 2 corn; and, at the other 
extreme, 12.4 per cent produced sample grade. With higher 
moisture contents, the percentage of cribs producing sample- 
grade corn increased. (Grade factors other than damage 
were not considered in these analyses.) 

Conditions apparently were more favorable for storage 
of the 1938 crop. All of the 110 cribs observed contained 
corn with less than 20.1 per cent moisture. No. 1 corn was 
produced in 51.9 per cent of these cribs and no crib pro- 
duced corn worse than No. 3. 


Of the cribs containing corn of the 1940 and 1941 
crops with less than 20.1 per cent moisture, No. 1 and No. 
2 corn was produced in 23.6 per cent of the cribs in 1940 
and in 70.5 per cent of the cribs in 1941. 

Good results were obtained in storage of the 1944 crop. 
All of the 24 cribs with corn under 20.1 per cent moisture 
produced No. 1 corn. Where moisture was above 30 per 
cent, only No. 5 and sample grades were produced. 


In 1945-46 there was a combination of high moisture 
and immaturity of the corn and unfavorable weather condi- 
tions for drying during the storage period. This resulted 
in a large amount of badly damaged corn in cribs in north- 
ern Iowa and Minnesota. Of the 15 cribs observed con- 


TABLE 1. EFFECT OF MOISTURE CONTENT ON GRADES OF CORN 


PRODUCED BY CRIB STORAGE (Based on Damage Only) 
Corn moisture 


No. of at first Grades of corn produced, per cent of cribs 
cribs inspection, No.1 No.2 No.3 No. 4 No. 5 Sample 
per cent 
194 under 20.1 32.5 26.8 12.9 8.2 7.2 12.4 
23 20.1 - 23.0 13.0 8.7 4.3 13.0 26.0 34.8 
4 23.1 - 26.0 25.0 75.0 
110 under 20.1 51.9 45.5 2.7 
17 under 20.1 11.8 11.8 29.4 41.2 5.9 
2 20.1 - 23.0 50.0 50.0 
17 under 20.1 23.5 47.0 5.9 5.9 11.8 5.9 
3 20.1 - 23.0 33.3 33.3 33.3 
24 under 20.1 100.0 
27 20.1 - 23.0 81.5 7.4 7.4 3.7 
11 23.1 - 26.0 54.6 18.2 9.1 9.1 9.1 
4 26.1 - 30.0 50.0 25.0 25.0 
2 30.1 - 35.0 50.0 50.0 
15 under 20.1 6.7 33.3 26.7 20.0 13.3 
28 20.1 - 23.0 10.7 2 17.8 39.3 25.0 
19 23.1 - 26.0 10.5 89.5 
13 26.1 - 30.0 100.0 
3 30.1 - 35.0 100.0 


taining corn with less than 20.1 per cent moisture, only one 
crib produced No. 1 corn. Where the moisture content was 
above 23 per cent, nothing better than No. 5 corn was 
produced. 

Taking corn of the same original moisture content, a 
large variation is found in the results obtained in different 
years. Apparently this variation in results is due to weather 
conditions although no good correlation is found between 
storage results and monthly averages of weather condi- 
tions (see Table 2). It is only under favorable weather 
conditions that a moisture limit of 20.5 per cent will insure 
production of corn grading No. 1 or No. 2 by customary 
methods of crib storage. Cribbing corn with 23 to 26 per 
cent moisture is risky and moisture content above 26 per 
cent is likely to result in severe damage. These conclusions 
apply specifically to an area north of the centers of Indiana, 
Illinois and Iowa, where most of the observations were 
made. (Continued on page 427) 
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Forced Drying of a Farm Crib with Heated Air 


By Thayer Cleaver 


MEMBER A.S.A.E. 


HE test described in this paper was made between 

February 20 and March 19, 1946, in a farmer's corn 

crib near Lena, Illinois, and is a cooperative project 
of the agricultural engineering department, University of 
Illinois, and the division of farm buildings and rural hous- 
ing, Bureau of Plant Industry, Soils and Agricultural Engi- 
neering, U. S. Department of Agriculture. The primary 
reason for this test was to find out if a typical farm crib, 
preferably a large one, could be dried successfully and eco- 
nomically with a comparatively inexpensive heating unit. 
Other information of value from this test included (1) uni- 
formity of heat and air distribution, (2) proper balance 
between heat supplied and volume and velocity of air sup- 
plied, (3) drying rate, and (4) method of drying. 

The ear corn crib selected for this test was a large con- 
crete-stave double crib, with semicircular outer wall, over- 
head bins and 1x4-in cribbing along the driveway. Only 
the west half of the crib was used. The farm owner had 
already installed a new forwardly curved blade, centrifugal- 
type, double-inlet fan capable of delivering 10,000 cfm in 
the crib with the proper pulleys on the motor and fan. The 
fan was driven by a 3-hp electric motor and was actually 
delivering only about 6,000 cfm against a pressure of 0.35 
in of water. 

When this crib was filled with 1945 corn the grain con- 


This paper was presented at the annual meeting of the Ameri- 
can Society of Agricultural Engineers at St. Louis, Mo., June, 1946, 
as a contribution of the Farm Structures Division. 

THAYER CLEAVER is agricultural engineer, division of farm 
buildings and rural housing (BPISAE), U. S. Department of Agri- 
culture. 
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A-frame ventilator — 
over shelling trench 


Sisolkroft paper — 


Shelling trench 
blocked off = 


Sisolkroft paper —— 


Distonces A,B,C,0,E, a F 
should be os neorly equol 
as possible BaD will be 
grecter uniess ventilotor is 
constructed to conform to 


the shape of the crib walls San asaibieida 66 0nd 
G&H ore thin sections where of shelling trench 


ventilation is difficult to get 


A sketch of the corn crib tested, including recommendations for 
preparing it for forced ventilation 


tained 32 per cent moisture and the cobs 47 per cent, wet 
basis. At the time of filling the farmer estimated on a vo’ 

ume basis a total of 2,500 bu in the crib. This would b= 
approximately 2,050 bu on a basis of 15 per cent moistur: 
in the grain. It was very difficult to get a true average moiv- 
ture sample from the crib because a corn probe could ne: 
be inserted in the concrete-stave openings. Samples wer> 
taken along the driveway from the floor upward to the ove: 

head bins and from the surface of the corn downward abou: 
2 ft. At the end of the test a small metal hook was mace 
with which samples were taken next to the outer wall. 

The heating unit consisted of three weed burners, two of 
which were used all the time, and the third was used when 
one of the first two was being refueled or cleaned. “The 
burners were placed with the heating units in the open end 
of a horizontal empty oil-drum. Fire brick were placed in 
the far end of the drum so the bottom would not burn out. 
The purpose of the drum was to help stop any sparks that 
might form from the burning of the fuel and to mix the 
heated air more uniformly before being drawn into the faa 
inlet. The drum also prevented any possibility of flames 
coming into contact with inflammable material. A canopy 
was fitted around the drum and fan so that all air drawn 
into the fan was drawn over and around the heated drum. 
The canopy consisted of sections of plywood and transite 
with about 334-in air space between. 

Each of the four periods of heating was continuous and 
an operator was required to be present at all times to keep 
up the pressure on the fuel tanks, make observations and 
take data. The following data summarize results of the test: 

1 Approximately 2,050 bu in the crib immediately be- 
fore test began (based on 15 per cent moisture in the grain, 
wet basis). 

2 Moisture contents immediately before start: 27 per 
cent in grain, 35 per cent in cobs, wet basis. 

3 Amount of water to be removed in reducing moisture 
content of kernels from 27 to 15 per cent was 9.4 tons from 
the kernels and approximately 13.8 tons from both kernels 
and cobs. 

4 A total of 95 hr unheated air was forced through the 
crib before the heating test began and removed about 5 per 
cent moisture. This 95 hr total plus 77 hr more of unheate:' 
air ventilation between heating periods made a total of 17” 
hr of unheated air ventilation. 

5 In addition heat was applied for 212 hr. Total time o: 
heated and unheated air during test, 289 hr. Of the 77 h: 
of unheated air during the test, only 27 hr were very useft 
because they followed immediately after heating period 
This not only cooled the grain down to prevent spoilag 
before the next heating period, but it also oi add: 
tional moisture while cooling to the outside temperature. 

6 Temperature in fan duct during first 136 hr of heate. 
air varied from 85 to 95 F. During the last 76 hr of heate 
air a second large burner was installed and the fan du: 
temperature averaged 130F. 

7 During the first 136 hr most of the heated air we: 
to the end of the plenum chamber farthest from the f:.1 
and especially into the upper half. As the corn dried it s« - 
tled, and the distance from the top of the A-frame to t'< 
corn surface became the path of least resistance for the ai: 
Consequently, it was necessary to block the upper fourth «f 
the plenum chamber farthest from fan with boards ar 
place canvasses on the surface of the corn to force air throug) 
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the wettest portions. 

8 Air delivery was 13.0 cfm per sq ft of plenum cham- 
ber wall. 

9 Electric energy consumed by fan motor since installa- 
tien was 505 kw-hr. Total consumed from time heating 
period started until end of test was 375 kw-hr. Power cost 
wis 2c per kw-hr. This amounted to 0.37c a bushel for 

ower cost. Total of 583 gal of kerosene used for heating 
cost 10c a gallon. This averaged 2.84c a bushel. Total fuel 
ai d power costs were 3.21c a bushel to remove 12 per cent 
moisture from 2,050 bu. 

10 Moisture content of grain samples taken at the end 
o the test ranged from 8 to 21 per cent. The areas most 
d thcult to dry were next to the overhead bins and the ex- 
time ends of the driveway because air could not be forced 
rough these areas satisfactorily. 

If the knowledge gained from the test could have been 
a: ailable at the start, a considerable saving in time and fuel 
could have been made and drying would have been much 
more uniform throughout the crib. It is concluded that 
(.) 450 gal of fuel should have been ample; (2) 164 hr 
o: heat application should have been ample; (3) drying 
sould have been continuous; (4) the upper fourth of the 
pienum chamber farthest from the fan should have been 
r stricted to not more than 50 per cent of what it actually 
cot and the lower fourth farthest from the fan to not more 


427 


than 75 per cent at the start (the final test is to check the 
velocity of the escaping air around the crib walls and on 
the surface and adjust the blocking in the plenum chamber 
accordingly) ; (5) the depth of corn from the top of the 
A-frame to the surface should have been 2 ft more than the 
distance to the walls to allow for settling (the accompany- 
ing sketch illustrates the crib tested and recommendations 
for preparing it for forced ventilation), and (6) heat 
should be discontinued in a crib of this size from 4 to 7 
hr before the end of the drying period because additional 
drying will continue until the grain has cooled down to the 
outside air temperature. 

Some commercial organizations during the past winter 
charged 16c a bushel to dry ear corn from about 35 per cent 
down to 12 to 15 per cent moisture and the farmers had 
to haul the corn to and from the drier. If the cost of the 
new burner which was purchased and used for the last 76 
hr of the test is added to the fuel and power costs, the total 
would be only 6.45¢ a bushel. 

The method of drying by means of introducing air into 
the shelling trench, rather than into an A-frame plenum 
chamber, seemed satisfactory if properly blocked, but a 
better plenum chamber would have the outer side curved 
to ion with the curved crib wall. This would give a 
more uniform air distribution but would be more difficult 
to construct. 


Drying Ear Corn in Farm Cribs by, Natural Ventilation 
(Continued from page 425) 


There is less difficulty in crib storage of corn in the 
southern part of the Corn Belt because corn is more certain 
to mature fully and to be dry enough for safe crib storage 
when harvested. 

There are other important factors in crib storage such 
as width of crib, clean preparation of corn, and use of 
ventilators. Time will permit only a brief statement regard- 
ing these factors. As to crib width, indications are that 
present recommendations are not far from correct. 


Avg. Avg. wind Avg. rel. Sun- 
Month temp., Precipita- velocity, humidity shine, 
deg F tion, in mph 6:30 p.m., % % 
1937-38 
Oct. 50.3 2.03 7.9 57 55 
Normal 51.4 2.37 8.3 60 59 
Nov. 33.9 0.72 9.7 59 61 
Normal 36.2 1.59 8.9 68 50 
Dec. 22.8 0.74 9.1 73 39 
Normal 24.0 1.19 8.7 74 45 
Jan. 21.0 1.14 9.5 72 45 
Normal 18.5 1.10 8.9 75 51 
Feb. 29.0 0.94 9.4 75 35 
Normal 22.3 1.09 9.2 73 56 
Mar. 43.7 2.35 10.1 59 54 
Normal 34.5 1.73 9.7 62 58 
Apr. 50.3 3.65 11.0 51 60 
Normal 48.7 2.73 9.9 55 58 
1938-39 
Oct. 59.4 0.88 8.2 52 76 
Nov. 37.6 2.76 9.6 62 59 
Dec. 26.3 0.71 8.9 68 48 
Jan. 28.7 0.86 8.9 75 49 
Feb. 20.3 1.75 10.7 65 62 
Mar. 36.4 1.79 9.5 62 69 
Apr. 47.8 2.07 10.4 50 60 
1944-45 
Oct. 53.8 1.08 7.4 60 73 
Noy. 40.4 1.% 9.6 78 23 
Dee. 20.6 1.29 9.1 79 43 
Jan, 19.3 0.67 8.0 82 42 
F 25.5 1.43 8.9 76 42 
N 45.3 2.88 10.1 60 66 
A 48.7 4.38 12.0 58 56 
1945-46 
Oc 51.8 0.33 8.3 50 67 
N 36.9 1.25 10. 71 47 
De 18.0 2.02 9.5 80 41 
Jai 22.8 1.82 10.2 78 57 
Fe 28.8 0.36 10.8 65 59 
Ma 47.0 4.18 9.8 67 54 


Cleanness of preparation has been studied in experi- 
mental cribs at Ames, Iowa. Samples taken May 2, 1946, 
showed 32.0 per cent damaged kernels in a crib filled in 
October, 1945, with corn as it came from a mechanical 
picker with about 26 per cent moisture in the grain. Only 
5.6 per cent damage was found in an identical crib filled 
with the same kind of corn except that it was rehusked 
clean by hand. It has been shown in these experiments 
that clean preparation makes a marked improvement in the 
results obtained by crib storage of high-moisture corn. 

A good many cribs provided with various kinds of 
ventilators were observed in 1944-45 and 1945-46. Spe- 
cifically, the percentages of cribs which were equipped with 
some kind of ventilator were as follows: 1937, none; 1938, 
none; 1944, 18 per cent; 1945, 44 per cent. Vertical flue- 
type ventilators were of questionable value. Horizontal 
open-wall tubes imbedded in the corn with the ends of the 
tubes exposed to wind pressure caused a definite reduction 
in damaged corn in the immediate vicinity of the tubes, 
particularly in the area just above the tubes. A-frame venti- 
lators were effective in reducing damage up to the level 
of the top of the ventilator but not more than 1 to 2 ft 
above this level. A ventilator 6 in wide, with horizontal 
passageways for air under wind pressure, placed in the 
center of the crib so as to divide the crib into two narrow 
cribs, appeared to be equally as good as the A-frame venti- 
lator. Observations on the performance of ventilators are 
not sufficient to set any definite figure as to their value. 
A guess would be that a good ventilator may take care of 
an extra 3 to 5 per cent moisture in the corn. That is, if 20 
per cent moisture is the safe limit for storage in a crib 
without ventilator, the limit with a good ventilator in the 
same crib might be from 23 to 25 per cent moisture. 

Results of these investigations show that customary 
age in crib storage of corn can be materially improved 

y clean preparation and by use of the best types of venti- 
lators. But the best practices in crib storage are likely to 
produce sample grade corn if the initial grain moisture con- 
tent is as high as 25 to 30 per cent. 
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A-E Instruction for Vo-Ag Teachers 


O*r May 3 to 5, 1946, a joint meeting of representatives of the 
American Society of Agricultural Engineers and of super- 
visory and teacher training staffs of vocational agriculture in the 
eleven western states was held in Santa Fe, New Mexico. This 
meeting was the second in a series of regional meetings sponsored 
jointly by the A.S.A.E. and the U. S. Office of Education to apply 
and to implement in the Pacific region the recommendations made 
in the report of the A.S.A.E. Committee on Agricultural Teacher 
Training, entitled “Agricultural Engineering Phases of Teacher 
Training for Vocational Agriculture,” issued in June, 1944. 

Arrangements for this meeting were made by J. D. Long, then 
president of A.S.A.E., and E. J. Johnson, federal agent, agricul- 
tural education, U. S. Office of Education. Some thirty individuals 
representing each of the eleven western states and the Territory of 
Hawaii were in attendance and participated in the meeting. 

Consideration was given to the following problems and items: 

1 The nature of the instructional needs in farm mechanics for 
the Pacific region. 

2 The instructional needs of prospective teachers and teachers 
of vocational agriculture in the region. 

3 The organization of a training program in farm mechanics 
and suggestions as to content of courses. 

4 The hours and units of credit needed in each course. 

5 When training should be given — pre-service and in-service. 

6 The training needs of special teachers of farm mechanics. 

In the absence of Mr. Long, S. S. Sutherland of California 
represented the A.S.A.E. and served as co-chairman of the confer- 
ence with Mr. Johnson of the U. S. Office of Education. The fol- 
lowing papers were presented and summaries of each appear in 
the conference report: ‘Purpose of the Conference,” by Dr. H. B. 
Swanson, specialist in teacher training, agricultural education, U. S. 
Office of Education; ‘The Farm Mechanics Program of Today and 
for Tomorrow,” by A. H. Hollenburg, specialist in farm mechanics, 
U. S. Office of Education; “Farm Mechanics Instructional Needs of 
Teachers,” by Mark Nichols, state supervisor, agricultural educa- 
tion, Utah; “Organizing the Course of Study in Farm Mechanics,” 
by J. R. Cullison, state supervisor, agricultural education, Arizona, 
and “The Responsibility of Agricultural Engineering Departments 
in Training Teachers of Agriculture,” by H. B. Walker, professor 
of agricultural engineering, University of California. 

Early in the conference, committees were appointed to study 
the five major areas of instruction in agricultural engineering, to 
make recommendations regarding the “must” content to be included 
in courses for prospective teachers, to estimate the approximate 
time required for such training, and to list additional in-service 
training which would be desirable for teachers. Each committee 
made a preliminary report to the conference and a final report 
which embodied the suggestions made by the conference group as 
a whole. 

The committee on farm shop work, under the chairmanship of 
J. R. Callison of Arizona, recommended nine essential items to be 
included in pre-service training, and estimated that 125 clock hours 
of instruction would be necessary to cover them adequately. This 
is roughly the equivalent of three semester credits. The committee 
studying farm power and machinery, with Mark Nichols of Utah 
as chairman, recommended three major areas of instruction in this 
field as follows: (1) Selecting power units and machines, (2) 
preventive maintenance, and (3) reconditioning and overhauling. 
The committee further suggested that wherever possible separate 
courses be offered in farm power and in farm machinery, but that, 
if these subjects were combined, they be given in a course carrying 
at least 4 semester units of credit. 

In soil and water management, the committee with Prof. R. W. 
Canada of Colorado State College as chairman listed eleven major 
abilities which teachers of agriculture must have, but took cogni- 
zance of the fact that some of this instruction may be given in 
courses in soils, irrigation, and drainage, and similar courses offered 
by departments other than agricultural engineering. They suggested 
an average of 108 clock hours of instruction or approximately the 
equivalent of a 3-unit course, but recognized that there would be 
considerable variation among states in the emphasis placed on the 
subject as a whole as well as on the units of instruction within 
the field. 

The rural electrification committee, with Prof. H. A. Winner 
of the University of Idaho as chairman, recommended four areas 
of instruction in -this field to be included in a 2-semester unit 
course. 

Prof. H. B. Walker of the University of California was chair- 
man of the committee on farm buildings and structures, and this 
group recommended nine major units as essential for in-service 
training. In the opinion of the committee, this instruction would 
require approximately 120 clock hours. 


Summary and Recommendations. In the final meeting of the 


es ee 
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conference group, consideration was given to the problem of orgzn- 
izing courses to provide the training recommended by the several 
committees. In this discussion it was brought out that six of the 
eleven teacher-training institutions represented operate on a semcs- 
ter basis, and the remaining five on a quarter basis. It was furt»er 
noted that the trend is toward fewer courses carrying more units 
of credit. 

The following course arrangements were suggested; the <x- 
amples given are in terms of quarter units, but the general bre ik- 
down would also apply to institutions operating on a semester basis: 


SUGGESTED COURSE ARRANGEMENTS 


Quarter Qua ter 
A—Multiple courses units B—Combined Courses’ un ts 
1 Farm Mechanics 4 1 Farm Mechanics 444 


(Farm shop work, small 
buildings and wood projects) 
Farm Power 


Farm Machinery 

Farm Buildings 

(including rural sanitation 
and water supply) 

5 Soil & Water Management 3 4 


(Two courses: farm shop 
work, rural electrification, 
farm buildings and 
sanitation) 


2 Farm Power 
3 Farm Machinery 
Soil and Water 


mown 
me wOw 


(Soil conservation, irriga- Management 4 
tion, drainage, etc.) Total 18 
6 Rural Electrification 2 
Total 19 


As guides in the further development of this program in the 
Pacific region, the following recommendations were adopted by the 
conference group: 

1 That provision be made for instructors of agricultural enzi- 
neering courses, in which prospective teachers of vocational agri- 
culture are enrolled, to observe and maintain contact with farm 
mechanics instruction in the high schools. 

2 That, in spite of the difficulty of scheduling laboratory courses, 
farm mechanics or farm shop courses should be laboratory courses, 
= that as much laboratory work as possible be provided in other 

elds. 

3 That, wherever possible, separate laboratory sections be pro- 
vided for prospective teachers in agricultural engineering courses 
taught for other agricultural majors. 

Copies of the complete conference report may be obtained from 
J. R. Cullison, state supervisor, agricultural education, Phoenix, 
Arizona. — Reported by S. S. Sutherland. 


Professional A-E Education 
(Continued from page 406) 


a few, including structural design, are mentioned in the report. A 
typical basic engineering course of this type which would be in- 
cluded in the “package” recommended for studerits in farm struc- 
tures, for example, is fundamentals of architecture. The subcom- 
mittee report suggests its postponement to fifth-year graduate study. 

It is not intended that basic engineering courses be empha- 
sized at the expense of the very essential so-called fundamental 
courses like mathematics, english, chemistry, etc. The chosen 
channel of specialization might contain only elective courses, or 
space might be provided in the required curriculum suggested in 
the report by reducing to a very minimum the number and/or 
length of courses in basic agriculture, social science or agricultural 
engineering. Introductory courses in the various fields might be 
combined and taken during the first two years, thus providing sp.ce 
for additional basic engineering work. 

Contact With Industry. There ought to be closer contact } 
tween industry and students in their freshman and sophomore ye.\rs 
so that the latter may be advised on choice of specialty and assis‘ed 
or encouraged by scholarships or other methods. Some summ:t- 
time work on farms or with industry should be encouraged or 
required. 

More and Better Graduates. We need more and better stud: its 
and graduates. The A.S.A.E. booklet “Agricultural Engineering as 
a Professional Career’’ is good. It should be given all possi. 
distribution and use. 

The relatively small size of many agricultural engineering '\e- 
partments (both faculty and student bodies) has probably mad: 
engineering courses seem more informal and less difficult than 0: 
engineering courses, and therefore more attractive to poor stude «ts. 
We all need to do a better job of selling our profession. As 1 re 
students enroll, we will undoubtedly occupy a better positio: 
comparison with other branches of engineering. In this regard e 
effort should be made to uphold the dignity of the profession by 
not applying the title “agricultural engineer’ to one who does 10t 
possess at least a bachelor’s degree in agricultural engineering. 

The quality of our courses and teachers needs improvem: nt. 
The subcommittee report referred to will do much to raise ‘he 
standards. That will help to get more and better students, as «ill 
the prospect of many more better-paying jobs awaiting them. 


A. R. SCHWANTES 


SS ee Ne 


eer 


| 


BGS eee? ae eS a} - te att 22 aes a a? br ay Se all Be 
i By rsa. eo. ee | Cee Re Laas SS ee ee Eas ; cn <3 eee ah a ae 
a ame | 
oa shee 
apes laden 
ey by ee 
i ie 
oth iM RS Tr 
a Baro 
ta tee ; 
bitte. % 
ee = eC 
cine Gee 
Tad ts eo 
maps | 
eps egker agi 
Pan GbE oa 
Be | hee 
a fl ae 
hed ib large 
BALE: ss 
eal a eben 
ree + Aan 
ec5 Ribas. 
eee th fhe : 
oey sal egos : 
ives Mey ce 
(? iH Sep amee 
i i % el 
pop eae Naar, ) 
ee 
aoa Bl ee od ql 
ie 1) aioe A 
APS Rare 
Da RG oes 

ie 1, Pine ae . 
et (Dey te ’ 
Bett A tie 8 a 
AAR ee | ¢ 

re oS Raney A" fu : 
Veta oe! -_. 
tM Aion tet | 
ud feeds ileeg ae 
Fe UN se 3 = 
eo ge ae : e 
ey Pies |= 
eel Vale = re 
DR) | bie eeetes ; Sh 
phavd RO Ce ; . 
aot] eee : ; 
ue “A eae See. 
Ai wpe s, ’ 
coe bath Steg 
i HOB ae } 
A eee 7 
Beta thar 
a1 ee su | , 
A Cage BE " 
Eh. if ol fe os : £ 
eS: Pde oe ee | 
2 LOSS 9) ane ’ 
"SO Sri ¥ 
Sod Eee : 
et eee a ‘ 
pia es 
Site: Saab BAA < 
piss, ae ee : 
ese: idk eee i 
Rees Re i 
Reet Re) aN Gs aE re : 
(Pee Sw aie : 4 
bes Ps Dil 4 
Lia? Bierce: ; 
ei Ai vie q 
hes a q 
Rd 
eh |i a | 
hae Rc = | 
fer Hine, 
Hepa Bly 3 am i 
ays Rod | 
he eae Vs 4 4 
ie i a : 
Tia Hide +g 
Ves Giedeemee | 
VE? Bom ] 
pbebtee B+. = ola 4 
epee PN oa | 
2s eas 90 aie | 
Cec wis Ml Maa - : 
ise | Sale Re | 
Tere Bee Cec ) 
Va p f ee 3 

wan Pa ae : 
pe i | Tyme: 
Fe GA nar = 
04 BIR anaes: 
Hot { age 
Ses che ES ere | 
mrt ne nS >s q 
Peet As eice: Y 
Ae Pde ae . 
joie A aa : 
Mi a Meee 
Bae coos Pi: ota 
Segoe TP ee: 
ees) ee 
a ae 
Se hee | ke a 
weed erie 2 
Bass Sree 
wv Shee . a 
Oi hes Day 
pshauae bl til sy 
BAe epee 
23 wl em me ina . 
ARO Gy 2 ae: 
¥ ag Spee fae 
a, ris CAR 
Wigs h aes on 
SURG NS ANE i ie 
Yee peeheke 
nee Bie 
Paneeem Heluie 
a 4 Kae 
aeibe oY ‘yeas ee 
Pap iod hin eres 
Aerts Oana 
re NESS ae Pate hee i 
ath eed Boa eee 
hte th Sere pe 
ORS EN 
go 4 Oe Ne ou : 
eT pala 

aa ate 
AOS? ACen BO ates - 
BriRS ety Cae ea 
Ee aa Se he Nes 
DECC eceT out 2) Sema 

a Ale 
* ie: Le bs a 
fae LAs 
er aa Ratapeey-< 
Basta. be bra: 
Bite Winters” : 
1 deh es fai so q 
edd Dicge al SC SnD 7 
lek Te vig ee a 

Poh eee : 

Vs) 
' ier tcs 8 ae 
Sue Coney the, « : 
s peoke oes tee 
ate at Bn ees 
x ge Mee 
apg) ee 
oe Tet bem ore See ge te 
pe Eki aae 
SUS 1s Sih eed es eh — | 
PNG ie fee Oe ER eae a i ioe : ore 
By oh were. “Ae” oe 3 ae Se a Se gee. it ny oo en og 
be PRM ERS oT ot ete ely. gees ee Joes ae aunts Aaa ae Sep Re. Ao - 
fei), 3 62) See es tele ate SGM a eee en oo eae <- Samet: : Sam SS i So - 
sais tie 3 tae Pees prec SRR io cet seer oS ae: ee <p! Se ee Se Pee 


in the 
by the 


| engi- 
l agri- 
1 farm 


DULSEs, 
ourses, 
. other 


e pro- 
ourses 


1 from 
10eNnix, 


ort. A 
be in- 
struc- 
ibcom- 
study. 
smpha- 
mental 
chosen 
es, or 
ted in 
and or 
ultural 
ght be 
¥ Spuce 


act he- 
e years 
ssisted 
mM r= 
ged or 


ude its 
ring as 
oss: ole 


ng .Je- 
ade ag 
1 otner 
ude-its. 
s more 
ion by 
1 every 
ior by 
yes 10t 
2g. 

emcnt. 
ise the 
as will 
le 


ES 


i tsa 


This year, with a starving world to feed, American 
farms have been called upon to produce more than 
ever before. It is a job for power, a job that 
Continental power is performing. There's a com- 
plete line of Red Seal engines for agricultural equip- 
ment; Diesel and gasoline models used by makers 
of tractors, trucks and all forms of powered farm 
machinery. There's even Continental's "Tiny Tim" 
power unit for battery charging and individual light- 
ing systems. Whatever the requirement, the 
rugged design and sturdy stamina of Continental 
Engines are providing farmers with the dependable, 
low cost power to do the job. 


The F-600 closed power unit with a 6-cylinder L-head engine 
develops up to 55 horsepower and embodies such time 
proven Red Seal features as individual porting, removable 
tappets, and full length water jackets. Also available as a 
power plant, or an open power unit. 


Continental Motors [orporation 
MUSKEGON, MICHIGAN 
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Engines 
CONTINENTAL 


Look for the Continental Red 
Seal. It Identifies the Finest 
in Every Field of Power 
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North Atlantic Section Program 


HE program of the meeting of the North Atlantic Section of 

the American Society of Agricultural Engineers to be held at 
Lake Morey Inn, Fairlee, Vermont, September 10 to 12, includes 
several interesting features. The program for the first day, fore- 
noon and afternoon, will open with an address by Dr. Mark L. 
Nichols, president of A.S.A.E., and assistant chief (in charge of 
research), U. S. Soil Conservation Service. T. E. Hienton, head of 
the USDA Farm Electrification Division, will discuss the research 
program of his division. A. E. Worth, engineering specialist, New 
Hampshire and Vermont, will discuss stream bank erosion control. 
Fires and their causes will be the subject of a paper by Theodore 
Gunn of the New Hampshire Fire Underwriters’ Assn., and ‘“Milk- 
O-Matic Factory” is the title of a paper by J. E. Van Aernam, of 
the New York Power & Light Corp. A farm work simplification 
symposium will include Dr. I. R. Bierly of Cornell University, Dr. 
R. G. Carter of University of Vermont, and W. C. Krueger of the 
New Jersey State College of Agriculture as speakers. A business 
meeting of the Section will complete the program for the forenoon 
and afternoon sessions. Three round tables—on farm structures, 
farm electrification, and soil and water conservation—will be held 
during the evening. 

The program for Wednesday, September 11, will include a 
paper on radiant heat for farm buildings by C. A. Hawk of A. M. 
Byers Co., another on flood control in the Northeast by James A. 
Muncey of the U. S. Soil Conservation Service, and another by D. 
K. Sergeant of Syracuse University on safety in home construction 
and remodeling. The subject of hay-drying observations will be 
discussed by G. M. Foulkrod of the University of New Hampshire, 
J. B. Stere of West Penn Power Co., and O. M. Camburn of the 
University of Vermont. 

The program for Thursday, September 12, will include seven 
papers as follows: ‘‘Flame Cultivation for Northeastern Row 
Crops,” by F. B. Wright, Cornell University ; ‘Homemade Freezer 
Construction,” by G. W. Crowther, University of Connecticut ; ““Pur- 
chasing and Operating Costs of Hay Harvesting equipment,” by 
Dr. Ivan R. Bierly of Cornell University; “New Developments in 
Farm Buildings,” by George W. Johnson of the John B. Pierce 
Foundation; “Farm Chemurgy and the Agricultural Engineer,” by 
Arnold P. Yerkes of the International Harvester Co.; “Protective 
Grounding for Farm Structures and Equipment,” by A. H. Schirmer 
of Bell Telephone Laboratories, and ‘Farmstead Planning,” by J. 
R. Haswell of Pennsylvania State College. 


Washington Section Meeting 


HE Washington (D.C.) Section of the American Society of 

Agricultural Engineers opens its 1946-47 season of monthly 
luncheon meetings on September 13th, with Dr. O. E. Reed, chief 
of the USDA Bureau of Dairy Industry, as the speaker. Dr. Reed 
will present a very interesting story on the work of his bureau. 
Dr. R. W. Trullinger, chief, Office of Experiment Stations, will 
preside as chairman of the meeting. 

As in the past, the meeting will be held at 11:50 a. m. in 
Room 6962, South Building, USDA, and friends as well as mem- 
bers of the A.S.A.E. will be welcome. 


Research Round Table 


HE Committee on Research of the American ay | of Agri- 

cultural Engineers held two round-table sessions during the 
Society’s annual meeting at St. Louis, Missouri in June. About 40 
persons were in attendance at the first session, which was opened 
with talks by A. W. Turner, E. A. Silver, and H. E. Pinches, fol- 
lowed by lively discussion for two hours mainly on categories of 
research. In discussing industrial research on products new to a 
manufacturer, Mr. Silver made the point that this should be based 
on the real needs of the user instead of being intended merely to 
match competition. Mr. Pinches pointed out the difference between 
applied industrial research and basic research, the latter being car- 
ried on to some extent in the large industries. The round of dis- 
cussion circled the subjects; fundamental (free will) research, re- 
gional projects, major projects (with industrial support), and ap- 
plied research which was summarized by F. A. Brooks. 

As only a small portion of the time of the first session was 
devoted to the original topic “Improving Research Technique,” at 
the second session the discussions were devoted largely to new in- 
struments available for research work. H. J. Barre described new 
strain gages which can be cemented on to any surface and the 
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A.S.A.E. Meetings Calendar 


October 31 and November 1—Pacific Northwest Section, 
Multnomah Hotel, Portland, Ore. 


December 16 to 18— FALL MEETING, Stevens Hotel, 
Chicago. 


December 19 and 20— 3rd Barn Hay-Curing Confer- 
ence, Stevens Hotel, Chicago. 


-strain electronically recorded. These can be attached readily o 


moving parts such as the pitman rod of a mower and strain °- 
cordings made while the machine is in actual use. W. V. Huk Il 
described his thermocouple-type, hot wire anemometer which cn 
measure convection air currents down to 6 feet per minute, or wih 
special equipment down to 2 feet per minute. F. A. Brooks ce- 
scribed the triple thermocouple hygrometer and called attention ‘o 
the extensive use of photography as a quantitative instrument. 

Following this the discussion of the group ranged around the 
unsolved problem of measuring accurately the moisture content of 
hay. There was some discussion of planning research for statistic] 
interpretation and a plea made for analyzing observation data to the 
point of generalization so that the new knowledge can be applicd 
outside the circumstantial conditions of the actual test. 


President Nichols Receives Award 


a of appreciation from the U.S. War Department 
has been awarded to Dr. Mark L. Nichols, president of the 
American Society of Agricultural Engineers, and assistant chief (in 
charge of research), Soil Conservation Service, U. S. Department of 
Agriculture. 

The text of the certificate reads “The War Department ex- 
presses its appreciation for patriotic service in a position of trust 
and pote = to M. L. Nichols for outstanding assistance to the 
Ordnance Department through the advancement of the program of 
studying the physical characteristics of soil and applying the data 
obtained to the design of vehicles.” The certificate bears the signa- 
tures of the Secretary of War, the Chief of Ordnance, and the 
Commanding General of the Army Service Forces. 


Pacific Northwest Section Meets Oct. 31 


AVING received authorization from the Council of the Ameri- 

can Society of Agricultural Engineers, the new Pacific North- 
west Section of the Society will hold its organization meeting «t 
the Multnomah Hotel, Portland, Ore., on Thursday and Friday, 
October 31 and November 1, 1946. An exceedingly interestin: 
program is promised for the occasion, details of which will he 
announced later. 


S.P.E.E. Is Now A.S.E.E. 


B* a unanimous vote of its members present at the annual me«:- 
ing at St. Louis in June, the name of the Society for the Pro- 
motion of Engineering Education has been changed to “The Ame: - 
can Society for Engineering Education.” 


Agricultural Engineering at the Allahabad 
Agricultural Institute 


je Allahabad Agricultural Institute, Allahabad, India, v 
founded as part of the work in India under the Board of Fi - 
eign Missions of the Presbyterian Church in the U.S.A. by I 
Sam Higginbottom in 1911-12. It is one of the few well-kno: 
mission institutions which has made a large contribution to ‘ 
progress of agriculture and perhaps the only one which has b 
able to operate on a full program during the late war period. 7 
Institute operates under a board of directors in India and is in ‘ 
process of reorganization as a union institution in which seve 
American and probably English groups will cooperate. 

The Institute teaches a four-year course in agriculture leading 
a bachelor of science degree with specilization in agronomy, anir 
husbandry and dairying, and in horticulture. It also teaches 
course in agricultural engineering leading to a bachelor of scier 
degree. It is autonomous in organization but functions as the ag 
cultural college of the Allahabad University, one of the lead: 
universities in India. In addition to the two degree courses, it h 
junior courses in dairying and in home (Continued on page 43.) 
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Farmers Need Silos 


— here are construction methods 
using Douglas Fir 


fGHE increased knowledge of the superior 
i feeding value of grass silage and the cur- 
=. rent shortage of grain for livestock feed- 

ing have combined to cause more farmers 


te erect silos. 


Grass silage imposes some special structural 
blems. he greater lateral pressures as 
mpared to corn silage due to the higher 
isture content of grass, and its greater 
dity require higher unit design loads and 
ater attention to construction materials. 


Douglas fir plywood has all of the ad- 
atages of wood construction in resisting 
e deterioration caused by silage acids. It has 
tractive structural properties, for either pre- 
brication or site-erection. Glued assembly 
desirable for developing adequate structural 
— and rigidity with minimum material. 
tu plywood silos are impervious to air 
filtration, do not permit leakage of silage 
: ices and offer resistance to the freezing of 
stage. 


Lower filling costs and greater ease in feed- 
ing out are permitted by the erection of two 
©: more small, inexpensive silos as compared 
to a single large structure of the same storage 
capacity. 


ews ov 


a~- on 


Two 8 x 24° experimental plywood silos 
were erected in 1942 at the University of 
Tennessee, one circular and the other octagonal 
in shape. Both were glued construction using 


i,” EXTERIOR type plywood fastened with 
shingle nails spaced approximately 2” 0o.c. to 
hold the panels in position until the glue set. 
Continuous door eee with ts, steel bolt 

i 34” plywood 


ties and vertical sliding doors o 


Plywood forms for the silo pit and foundation 
give smooth, true concrete surfaces with a mini- 
mum of joint markings. 


DOUGLAS FIR PLYWOOD ASSOCIATION 
Tacoma 2, Washington 


were installed. Some difficulty in bending 
the large plywood panels to the 4 radius 
while working on scaffolding was the only 
construction problem. (See complete descrip- 
tion, AGRICULTURAL ENGINEERING, p. 58, 
February, 1944). 


As plywood sheets are trimmed square at 
the factory, butting of the joints plumbs the 
structure without any extra fitting or labor. 


Clinching type nails used on all joints hold 
the plywood pieces in position while the glue 
cures, eliminates the use of clamps, permits 
uninterrupted construction, and saves time 
and labor. Carding nails are preferred but cut 
tacks, hand, shoe nails, clinch nails, or clout 
nails are satisfactory if — penetrate 
through the plywood joint from 1/4 to 3/8- 
inch. Backing the joint with a sledge or iron 
clinches the nails while driving them with a 
hammer. A two inch horizontal spacing and 
a three inch vertical spacing was satisfactory. 
A notched plywood straight-edge and pencil 
located nailing spots with dispatch. 


Plywood bands, bent in the direction of 
the outside grain, are readily bent to a 3) 
ft. radius if soaked in water from 15 to 
minutes and stored in a circular form for 
later use. 


Special consideration must be given to the 
selection of assembly adhesives for plywood 
silos. Casein, urea formaldehyde resin and 
resorcinal formaldehyde resin adhesives have 
been used on silos erected during the past 
four years with no record of failure. The 
resorcinal type is currently recommended be- 
— of its waterproofness and resistance to 
acids. 


(Left) 

An 8 diameter by 24 high circular silo erected 
in place with nail and glue assembly of 14” - 
4 x 8 SolS EXTERIOR type panels placed ver- 


tically. Horizontal panel joints were staggered 
4 o.c. Eight inch wide bands of 1%” plywood 
(one thickness) were used as lateral reinforcing, 
to facilitate securing the cricular shape, and as 
gusset plates over butt-jointed wall panels. Six 
inch wide gusset plates of the same material 
were placed over the outside of vertical panel 
joints. Studs, 2” x 4” in size and spaced approxi- 
mately 2’ 0o.c., were bolted to anchor straps 
imbedded in the concrete to anchor the silo when 


empty; these might safely be shortened to 4 
height. 
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> ease 


Phyrwooe! 


Until a better treatment is discovered it is 
recommended that the interior walls of ply- 
wood silos be painted with two coats of 
linseed oil. The outside should be painted 
with good quality exterior paint. 


PRELIMINARY PRESSURE TESTS 
Preliminary flat panel hydrostatic pressure 
and deflection tests were made at the Uni- 
versity of Tennessee, using 1%” 3-ply SolS 
plywood nailed and glued to framing. Glue 
oints were 134” wide, and nails were spaced 


” 0.c. Two-side panels were bolted together 
in 4 x ¥ and two 2’ x 2’ sizes and submitted 
to internal hydrostatic pressure with the fol- 
lowing results: 


SIZE OF PANEL 


2’x 2’ 
Deflection 
in inches 


Deflection 
in inches 


0.416 
0.601 
0.782 

Failure (2) 


Failure (2) 
(1) Leaks occurred at defects and knots in 
the outer ply. 

(2) The center ply or core broke or failed 


next to the frame. In no case did the glue 
joint fail. 


The completed circular silo and an octagonal 
design with 4 wide sides (left foreground). The 
flat-sided design lends itself readily to mill pre- 
fabrication with all vertical and horizontal fram- 
ing nail-glued to the plywood to form panels 
4 x 8. These may be readily trucked to the 
farm, erected into position, and connected with 
34” plywood gussets nail-glued across the ends 
of the horizontal framing. The circular design 
might be entirely mill fabricated, trucked to the 
site and tipped up into position; with plywood 
roof and door assembly its total weight was 


estimated as approximately 1,000 pounds. 


ABOVE. Interior faces of 4 x 4¥ test panels 
ready to bolt together. 


BELOW. Sustained hydrostatic load of 3 pounds 
per square inch on 4 x 4 test panels. 
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NEWS SECTION 


(Continued from page 430) 


economics. Negotiations are in progress to raise the latter to degree 
status. 

This is the only institution in India teaching a degree course in 
agricultural engineering and the agricultural engineering depart- 
ment is the largest single department of the Institute. It has a 
teaching schedule of about 110 hours credit, all required courses. 
In addition it is responsible for the administration of a supply 
service for the Institute which includes operation of the water sys- 
tem, distribution of electric current, maintenance of buildings and 
construction of new buildings when required. In connection with 
the maintenance workshop, it carries on a small implement factory, 
making implements designed at the Institute for the needs of the 
Indian farmer. Proposals are under consideration to separate the 
implement factory and to develop it into a separate unit. The de- 
partment has a small farm on which a regular program of crop pro- 
duction is carried on with resident staff, giving opportunity for the 
testing of implements under design and practices particularly in- 
volving implements. Proposals are under consideration to set up a 
second farm so as to have one operated with animal power and the 
other to experiment with the problem of mechanizing Indian agri- 
culture. 

The Institute works in close cooperation with the provincial 
department of agriculture and this cooperation is particularly close 
in the matter of implements. At present the department does not have 
a separate research station primarily devoted to implement problems 
and so has depended to a considerable extent on the Institute for 
research on these lines. It is also carrying on research financed by 
the Central Government Council of Agricultural Research. In addi- 
tion to such attention as members of the teaching staff can give to 
research problems, three qualified research assistants are at present 
employed full time on research problems. 

The teaching staff sanctioned at present consists of 7 men, of 
whom 3 are expected to be Americans. The members of the teach- 
ing staff have opportunity to participate in research and adminis- 
trative activities from time to time, though their time is primarily 
devoted to teaching. We are at present short one American 
member*. 

The current food situation, along with changing political con- 
ditions, has resulted in a great awakening of interest in improving 
Indian agriculture and particularly in its engineering aspects. There 
is a widespread feeling that the implements in use must be mod- 
ernized and improved; many are thinking in terms of mechanizing 
Indian agriculture on Western lines and some look to Russian 
methods. The opportunity to make a large contribution to the 
rapid change of the agricultural practices of a large nation are in 
India perhaps unique in the history of the world. The need is 
acute. We are training at present 12 agricultural engineers for the 
whole of India each year. 


*For further information on the opening indicated, see the Personnel 
Service Bulletin in this issue. 


Personals of A.S.A.E. Members 


Alfons Alven, for the past fourteen years district manager ot 
the Chicago office of the Bearings Company of America, and a di- 
rector of the company during the past ten years, was recently elected 
president of the company succeeding Henry W. Jackson. He has 
been engaged in the manufacture and sale of ball bearings since 1922. 


J. M. Armstrong and W. Kalbfleisch, both agricultural engi- 
neers in the Experimental Farms Service, Department of Agricul- 
ture of Canada, are two of the authors of Farmer's Bulletin 111, 
entitled ‘Land Clearing,” recently issued. It is a revision of a 
previous bulletin. 


E. L. Barringer, formerly associated with the farm machinery 
division of the Chek-Chart Corporation, was recently appointed 
editor of “Fleet Owner” published in New York City. 


Thomas G. Blakeney, who has been associate civil engineer in 
the Army Air Force, is now chief, shops and services unit, 4th 
Army Engineers, and is located at Fort Sam Houston, Texas. 


Albert L. Burkett was recently transferred from his position 
as agricultural engineer at the Estacion Experimental Agricola de 
Tingo at Tingo Maria, Peru, to Havana, Cuba, where he will be 
engaged in research concerned with the mechanical planting, culti- 
vating, harvesting, and processing of fiber plants other than cotton. 
He is employed as agricultural engineer in the technical collabora- 
tion branch, Office of Foreign Agricultural Relations, U.S. De- 
partment of Agriculture. 


Arthur W.. Cooper, who served in the U. S. Naval Reserves 


during the war and more recently as a member of the agricultural 
engineering staff at Alabama Polytechnic Institute, has accepted a 
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position of assistant in agricultural engineering, Purdue Univer. ity 
Agricultural Experiment Station where he will be engaged in re. 
search in farm electrification, also in taking work toward a PhD 
degree in engineering. 


John B. Dobie, formerly of the agricultural engineering s ff, 
Washington Agricultural Experiment Station, and June Rol: rts 
investigator, farm electricity at that station, are two of the j. int 
authors of Bulletin No. 471, entitled “Poultry Lighting for gg 
Production,” issued earlier this year by that station. 


Elmer W. Gain, who has been employed as associate drair age 
engineer of the U. S. Soil Conservation Service at Wapakor eta, 
Ohio, has been promoted to the grade of drainage engineer ind 
transferred by the SCS to its office at Upper Darby, Pa. 


E. W. Hamilton, of the tractor division, Allis-Chalmers } fg. 
Co., addressed the 50th annual convention of the National fay 
Association on July 29 at Chicago, on the subject “The Influ ace 
of Artificial Drying of Commercial Hay.” 


__E. A. Hardy is author of a chapter entitled “Farm Mechar .za- 
tion and Electrification” in a booklet on “Canada’s Agricult xral 
Resources” published by the Dominion Department of Agriculture. 


S. Milton Henderson has resigned as assistant research proies- 
sor of agricultural engineering at Iowa State College, to accept ap- 
pointment as associate professor of agricultural engineering at the 


University of Georgia where he will be in charge of farm ma- 
chinery work. 


John W. Holliday, who was recently placed on inactive service 
from the Army, has returned to the Soil Conservation Service. He 
is soil conservationist for the Merriweather County work unit at 
Greenville, Ga. He served eighteen months in the European 
theater where he attained the rank of captain. 


F. A. Kummer, agricultural engineer, Alabama Agricultural Ex- 
periment Station, was the recipient recently of the Certificate of 
Appreciation awarded to him by the U. S. War Department for 
“patriotic service in a position of trust and responsibility.” The 
certificate stated that the recognition was made for “outstanding 
assistance to the Ordnance Department through the application of 
his knowledge and experience as a soil physicist to the mechanical 
problems involved in increasing vehicle mobility.” The award is 
based on Mr. Kummer’s assistance to the Army Ordnance Depart- 
ment in the development of tank track design that made possible 
the greater ability of vehicles to cross muddy terrain. 


Donald E. Kusha resigned some time ago as engineer for the 
Curtiss-Wright Corp., with whom he was employed during the 
war, and is connected with the Aero Corporation at Hollydale, 
Calif., as engineer on tractor-mounted implements. 


Earl M. Lewis, who was recently discharged from the Army, is 
now employed as a farm service representative by the Southwestern 
Public Service Company at Plainview, Texas. 


Ray M. Lien has resigned as instructor in agricultural engincer- 
ing at the South Dakota State College to accept appointment as 
engineer with the Bureau of Reclamation, U. S. Department of 
Interior. He will be engaged in land development work at Ralston, 
Wyoming. 

James B. Loonan, is now employed by Renfrew and Kuffler, a 
firm of engineers at Detroit, Michigan. 


Miss Ruby M. Loper recently resigned as extension agricultural 
engineer at the University of Nebraska, to join the agricultura! ex- 
tension staff at Cornell University, Ithaca, N. Y. In her new work 
Miss Loper will carry the title “rural architect’ and will be at- 


tached to the department of household arts in the College of H »me 
Economics. 


R. W. Louden, farm line manager, Louden Machinery (om- 
pany, was elected president of the Barn Equipment Associatic: at 
the recent annual meeting of that organization. 


Oscar H. Lowery, who served as a lieutenant in the U. S. >} «val 
Reserves during the war, has received his discharge and rec atly 


accepted a position as assistant extension agricultural engine: : at 
Purdue University. 


Joseph C. Newell, who was reported in a recent issue as h ing 
accepted appointment as assistant county agricultural agen for 
Scott County, Arkansas, and as serving as a lieutenant in th In- 
fantry during the war, we now learn had the rank of major 0: his 
discharge in May. 

Wiliam M. Roberts, who has been engaged on the sweet 7 tato 
machinery project of the USDA Bureau 7 Plant Industry, — vils, 
and Agricultural Engineering at Ellisville, Mississippi, re. ntly 
transferred to the applications and loans division of the ‘ural 
Electrification Administration. He will be located at Washir «ton, 


D. C., and will be working on the power utilization pro ram 
of REA. F 


Howard D. Skelton, who has been serving as irrigation eng neet 
for the U.S. Soil Conservation Service (Continued on page (34) 
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How Well Should 
an Aa Clean 
CLEAN? 


Any dust which finds its way inside an engine grinds like 
emery between moving parts. And even surprisingly small 
amounts will cut years from engine life. 


To prevent this destructive wear, air cleaners must be as 
close to 100% efficient as skilled engineering and painstaking 
manufacturing can make them. Moreover, this efficiency 
must be maintained during every hour of engine operation. 

To assure you of close to 100°, dust removal at all times, 
new models of Donaldson Air Cleaners are subjected to tests 
like the one shown below in which field conditions are real- 
istically simulated. Only after passing these severe tests is 
any Donaldson Cleaner placed in production. 


If your product needs this better dust protection... 
write our engineering department. 


DUST REMOVAL 
EFFICIENCY TEST 


With pump providing actual engine air 
demand, dust is fed into cleaner. Minute 
particles of dust passing the air cleaner 
ere caught on filter cloth which can be 
removed, weighed and cxamined. 


DONAEDSON 


Ct tamed, 
AIR CLEANERS 


DONALDSON CO. INC. 


666 PELHAM BLVD. ° ST. PAUL 4, MINN. 
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One 


Source 


As ONE of the very few wheel manufacturers cap- 

able of producing wheels for EVERY TYPE of FARM 

IMPLEMENT — and a wide range of the wheels re- 

quired by industry in general — we can bring to 

bear upon your wheel requirements such tangible 
VALUES as 


1. A SINGLE, buyer-vendor relationship 
charged with understanding of your 
NEEDS; 


Concentrated and versatile KNOW- 


HOW covering Designing — Testing — 
Fabrication; 


Facilities capable of meeting your 
standard and UNUSUAL requirements; 


Product dependability based upon 


more than a half century of modern 
wheel production; 


The advantages of STANDARDIZA- 
TION which aids deliveries and pro- 
motes economies. 


For some time to come—while material 
shortages prevail—we ask that those 
who send us specifications permit us to 
analyze their requirements in an en- 
deavor to recommend STANDARD 
WHEELS and HUBS. In many instances 
this will eliminate undue delays. The 
WHEELS WE RECOMMEND will 
SATISFY. 


FRENCH & HECHT, INC. 


SUBSIDIARY OF KELSEY-HAYES WHEEL CO.. 
DAVENPORT, IOWA 


Wheel Builders Since 1888 


SARA 
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Personals of A.S.A.E. Members 
(Continued from page 432) 


at Coeur d'Alene, Idaho, has been transferred to the Sunnyside Val- 
ley Irrigation District of the Yakima Project, near Grandvi: w, 
Wash., where he is employed as maintenance engineer. 


B. T. Stephanson, who has been serving as extension agri: l- 
tural engineer in the department of agriculture of the Province of 
Alberta, Canada, is now sessional lecturer in the department of 
agricultural engineering at the University of Alberta, Edmonton. 

L. D. Worley was recently promoted from the position of : 
engineer to district conservationist of the U. S. Soil Conserva: 
Service at Port Gibson, Miss., and will be administratively 
technically responsible for soil conservation work in five soil « 
servation districts in that vicinity. 


Charles C. Worstell recently accepted employment with Ma» on 
Engineers, Inc., Milwaukee, Wis. 


ea 
on 
nd 


n- 


Applicants for Membership 


The following is a list of reeent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Society are 
urged to send information relative to applicants for consideration of the 
Council prior to election. 


J. G. Andros, captain, U. S. Army. (Mail) CIC Center, Holabird 
Depot, Baltimore 19, Md. 

Lawrence J]. Booher, assistant professor of agricultural enzi- 
neering, University of Arizona, Tucson, Ariz. 

Donald E. Brown, engineering assistant, tractor engineering 
dept., Allis-Chalmers Mfg. Co., Milwaukee, Wis. (Mail) 4532 
W. Wells St. 

Geo. E. Bryce, agricultural engineering specialist, Extension 
Service, Manitoba Department of Agriculture, Legislative Building, 
Winnipeg, Man., Canada. 

J. L. Butt, graduate assistant in agricultural engineering, Ala- 
bama Polytechnic Institute, Auburn, Ala. 

Louis H. Clay, president, Southern Tractor & Equipment Corp., 
900 Jefferson Highway, New Orleans, La. 

Harry G. Cochrum, assistant professor of rural engineering, 
Montana State College, Bozeman, Mont. 

Edgar W. Cowling, assistant extension agricultural engineer, 
Louisiana State University, Baton Rouge, La. 

Thomas Cranage, district sales manager, Clarage Fan Co., 
(Mail) 333 N. Michigan Ave., Chicago 1, Ill. 

Franklin R. Crow, agricultural engineer, Soil Conservation Serv- 
ice, USDA. (Mail) Johnson City, Texas. 

C. L. Day, instructor in agricultural engineering, University of 
Missouri, Columbia, Mo. 

Garland O. Edelen, rural service representative, Louisiana Power 
& Light Co. (Mail) West Monroe, La. 

Carlton M. Edwards, extension agricultural engineer, Cornell 
University, Ithaca, N. Y. 

R. E. Emerson, assistant professor of agricultural engineering, 
West Virginia University, Morgantown, W. Va. 

Wendell M. Fairbanks, instructor in rural engineering, Long 
Island Agricultural & Technical Institute, Farmingdale, N. Y. 
(Mail) 671 Main St. 

James O. Frazier, captain, U. S. Army. (Mail) Mil. Tng. Di- 
vision, Post Headquarters, Belvoir, Va. 

Owen L. Garretson, manager, mechanical equipment div., Chem- 
ical engineering dept., Phillips Petroleum Co., Bartlesville, Okla. 

Howard W. Graybill, engineer, New Holland Machine ©>., 
New Holland, Pa. 

R. R. Harris, assistant professor of agricultural engineeri +g, 
University of Georgia, Athens, Ga. 

Joseph N. Howard, agricultural engineer, Duke Power “o. 
(Mail) Greensboro, N. C. 

Walter D. Hunnicutt, manager of procurement and supr!y, 
— Dairy Products Co., Inc., 75 E. Wacker Drive, Chic 0 
a; 3 

Wayne M. Hypes, assistant work unit conservationist, Soil C n- 
servation Service, USDA. (Mail) Box 306, Albemarle, N. C. 

Paul E. Johnson, instructor in agricultural engineering, Pui ue 
University, Lafayette, Ind. 

W. Floyd Keepers, executive secretary, Barn Equipment A°°o- 
ciation, 4300 Board of Trade Building, 141 W. Jackson Blvd., ( 1i- 
cago 4, Ill. 

Samuel B. Land, assistant county agent, Boydton, Va. 


E. H. Leslie, technical director, Blaw-Knox Company. (Ma«:) 
1831 Traver Rd., Ann Arbor, Mich. 


James C. Ma, designing engineer, S. L. Allen & Co., Inc., >th 
St. & Glenwood Ave., Philadelphia 40, Pa. 


(Continued on page 436) 
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Getting the Most 
out of QUONSETS... 
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—_ Brooder Pens to Dairy Barns, versatile Quonset-type 
structures meet many farmers’ needs for efficient, economical 
outbuildings. 

But... like everything else... sound planning makes them 
better. 

For instance, proper insulation is important. For this job, 
Flintkote Insulating Wool, made of Fiberglas*, is just the 


thing. It’s clean... won't rot or mildew, support vermin, or . — 
absorb odors. It’s safe... highly fire-retardant. And it’s effi- -- — 


cient... its thermal conductivity is established in the ASHVE 
Guide as “K”=.27 BTU. This is the figure recommended in 
computing heat losses from buildings. 

And, for interior sheathing, Flintkote Insulation Board is 
easy to work, durable,economical,and gives structural strength 
while providing additional protection against extremes of 
temperature. 

Recommend Flintkote Statict Asphalt for the exterior. This 
stable asphalt emulsion dampproofs and protects metal sheath- 
ing from corrosion for many a long year. 

Check up. Probably many farmers in your community are 
planning to use Quonsets for the additional buildings they 
need. Be sure they get the most out of them. 


*TM Reg. U.S. Pat. Off., manufactured by Owens-Corning Fiberglas Corporation +Trade Mark 


The Flintkote Company 
Building Materials Division a 
30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y ja 


; : ; iN 
At!onta * Boston * Chicago Heights * Detroit * East Rutherford f By pe a al 
Los Angeles * New Orleans * Waco * Washington oe 
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FLINTKOTE FARM PRODUCTS 


Fire-resistant Asphalt Shingles — Fire- proof 
Asbestos-Cement Shingles and Sidings—Insu- 
lated Sidings—Easily-applied Roll Roofings— 
Cold Process Built-up Roofs—Dampproofing 
Materials — Decorative Insulation Board — 
Asphalt Coated Sheathing—Insulation Lath. 
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BARNYARD PAVEMENT 


Many years of thrifty, maintenance-free service are 
built into a correctly designed barnyard pavement. 
Such an improvement not only cuts farm labor 
costs, but saves feed and manure—provides sani- 
tary conditions—improves health of herd. 

Many farmers have found that by paving one 
section of the barnyard at a time—the most trouble- 
some spot first—the job is done without disturbing 
farm routine. It is important, however, that the first 
section be so designed that it will match the grade 
and thickness of the area to be paved later. 

Design details of a barnyard pavement similar 
to the one shown here, and helpful “chow to build” 
literature on many profitable, long-lasting concrete 
improvements are available free to agricultural en- 
gineers. Please specify subject of immediate in- 
terest. Literature is distributed only in United 
States and Canada. 


PORTLAND CEMENT 
ASSOCIATION 


Dept. 9-1. 33 W. Grand Ave., Chicago 10, Ill. 


A national organization to improve and extend the uses of concrete... 
through scientific research and engineering field work 
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>= =} Applicants for Membership 
(Continued from page 434) 


A. J. McManus, Electricity Supply Board. (Mail) Bridge-End, 
Lifford, Co. Donegal, Ireland. 


T. A. Mercer, Jr., rural service engineer, Ohio Edison Co, 
(Mail) Salem, Ohio. 

D. O. H. Miller, designing engineer, John Deere Harvester 
Works of Deere & Co. (Mail) 2215 10th St., East Moline, III. 

Kenneth C. Mock, assistant agricultural engineer, Evergla:/es 
Experiment Station. (Mail) P. O. Box 203, Pahokee, Fla. 

Albert S. Mowery, instructor in agricultural engineering, Pe:.n- 
sylvania State College, State College, Pa. 

Lacy M. Peoples, utilization specialist, U. S$. Bonneville Power 
Administration, P .O. Box 3537, Portland, Ore. 

Robert H. Rea, manager, Texas Farm Management, Box 26, 
Weatherford, Texas. 

B. P. Rines, Walnut Crest Farm, Westbrook, Maine. 

E. M. Rolwing, overseer, Rolwing Farms, Box 48, Cairo, III. 

John R. Sartin, rural service representative, Louisiana Powe: & 
Light Co. (Mail) 711 Second St., Gretna, La. 

John N. Selby, soil conservationist, Soil Conservation Service, 
USDA. (Mail) Boydton, Va. 

M. S. Skelton, junior agricultural engineer, Bureau of Punt 
Industry, Soils, and Agricultural Engineering, USDA. (Mail) box 
792, Tillage Machinery Lab., Auburn, Ala. 

Robert E. Skinner, graduate student, Iowa State College, Ames, 
Iowa. (Mail) 158 Hyland Ave. 

James B. Smith, R. R. No. 1, South Hill, Va. 

James M. Stanley, assistant extension agricultural engineer, Vir- 
se Polytechnic Institute, Blacksburg, Va. (Mail) General De- 
ivery. 

William H. Tamm, engineer and assistant chief, design section, 
U. S. Engineers Office, Fort Norfolk, Va. (Mail) 7423 W. Ken- 
more Drive, Norfolk 5. 


C. W. Terry, department of agricultural engineering, Cornell 
University, Ithaca, N. Y. 

Glifford H. Towle, missionary and pastor, American Board of 
oo for Foreign Missions. (Mail) Forest Home, Ithaca, 

Claude W’. Walz, chief engineer, experimental department, John 
Deere Wagon Works of Deere & Co., Moline, IIl. 

Leroy Willis, auditor, P. O. Box 593, Lynn Haven, Fla. 

Galen C. Winter, Farm Equipment Institute, 608 S. Dearborn 
St., Chicago 5, Ill. 


William A. Womack, owner, Rockey Creek Farms, Ashford, 
Ala. 


TRANSFER OF GRADES 


John M. Anderson, farm structures engineer, Structural Clay 
Products Institute, 12014 Welch Ave., Ames, Iowa. (Junior Mem- 
ber to Member) 

Robert E. Hartsock, chief engineer, Aerco Corp. (Mail) 5631 
Uir Campo, Los Angeles 22, Calif. (Junior Member to Member) 

Reuben B. Hicks, agricultural engineer, Southside Electric Coop., 
Crewe, Va. (Junior Member to Member) 

M. F. Mueller, territory supervisor, J. I. Case Company. (Mail) 
323 Eddy Ave., Missoula, Mont. (Junior Member to Member) 

H. J. Stockwell, associate irrigation engineer, Soil Conservation 
Service, USDA, Fort Collins, Colo. (Mail) 638 S. Grant. (Junior 
Member to Member) 

Norman C. Teter, research agricultural engineer, North Caro- 
lina State College, Raleigh, N. C. (Junior Member to Member) 


New Literature 


“Automotive Serviceman’s Handy Handbook.” Paper, 48 pages, 
3.75x7 inches, indexed. Burd Piston Ring Co. 50 cents. Re: ites 
sound practices to principles in servicing the inernal-combustio en- 
gine. Covers specifically the carburetor, ignition parts and tin ng, 
cooling system, bearings and oiling system, valves, cylinder ‘ead 
and walls, and pistons and piston rings. 


GREEN FIELDS ARE GOLD. Joint Committee on Grassland F. rm- 
ing (Executive Secretary, Box 30, Norwich, N. Y.) Paper 42 
pages, 514x714, inches. No price stated. Introductory remarks, 102 
questions and answers, and testimonials, designed to give a ; rac 
tical digest of information on grassland farming. The Joint Com- 
mittee includes representatives of the American Society of Agrti- 
cultural Engineers, American Society of Animal Production, Ai i¢ti- 
can Society of Agronomy, American Dairy Science Associa’ ion, 
National Fertilizer Association, National Association of Silo Manu- 


facturers, Farm Equipment Institute, and the Soil Science Society 
of America. 
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“Wedding present... 


forty years ago’ 


Thus a line foreman answered his own question . . . 


‘*How durable is aluminum?” 


That same enduring quality is present in the Alcoa A.C.S.R. 
you’re considering for your new power line. The aluminum 
used in these conductors is even purer, however, than in that 
old kettle. This gives it the high electrical conductivity de- 
sired in a power line. 

Alcoa engineers will help you design that line to provide 
for future growth of electrical loads, while also holding first 
costs to an economical low. For this help, get in touch with 
the nearby Alcoa office. Or write ALUMINUM COMPANY OF 
AMERICA, 1976 Gulf Building, Pittsburgh 19, Pennsylvania. 
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PROFESSIONAL DIRECTORY 


UWUUUUVLAUUE LULA AN ARUN 


GEORGE R. SHIER, A.E. 
Consulting Engineering Work In Farm Structures Field 
Also Sales Engineering for Selected Manufacturers 


Member A. S. A. E. Associated with Howard S. Sterner Company, 
Consulting Structural Engineers, 8 East Broad Street, Columbus, Ohio 


=e stitial 
GRAIN STORAGE peeipentiat 
PORTABLE SILOS CONSTRUCTION 


— 


FRANK J. ZINK ASSOCIATES 


Agricultural Engineers 


Consultants on product development, designs, research, 
market research, public relations 


FELLOW A.S.A.E. Suite 4300, Board of Trade idg. 


MA : 
COVER MACHINERY truck AND WAGON 4 MEMBER S.A.E. Telephone: Harrison 0723 Chicago 4, I) inois 


COVERING 


ta 2 


COVER CRIBS = COVER BINDER CANVAS 


Lent — 
RATES: Announcements under the heading ‘Professional Directory” in 
AGRICULTURAL ENGINEERING will be inserted at the flat rate of 
$1.00 per line per issue; 50 cents per line to A.S.A.E. members. Mini- 
a , as mum charge, four line basis. Uniform style setup. Copy must be re- 
CONCRETE ceived by first of menth of publication. 


On farms — like any other business — every dollar saved is ——— 
that much profit. Wind, rain, sleet, srow — exposure of every 
kind — can do much damage to harvested crops, machinery, PERSONNEL SERVICE BULLETIN 


buildings. With Sisalkraft much of this loss can be avoided. 


(Continued from page 438) 
Sisalkraft is ideal for temporary silos — emergency storage 


AGRICULTURAL ENGINEER desires research or development in 


of grain — covering hay stacks — protecting machinery — soil and water or farm structures field, with private company. BSAE 
: a "i deg, University of Georgia. Experience in engineering department of 
curing concrete — lining poultry houses — protecting the Bell Aircraft Corp., in structural development and lofting work for 3% 
home — plus many other uses. Costs little. Tough, tear- — = _ac defects. Available now. Married. Age 26. Salary 
F : : $3600. W- 
resistant, and waterproof. Can be used again and again. _ " 
FARM MANAGER with additional engineering training and experi- 


‘. . ence, desires extension or research work in soil conservation or other 
Sisalkraft is sold through lum- branches of agricultural engineering. BSA deg, North Dakota State 
ber dealers everywhere. Write College, 1915, with major in farm management and minor in agricul- 
for folders on Sisalkraft’s many tural engineering. Additional study in production management, time 
farm uses. study, mathematics, and drafting. Varied experience in farm manage- 
ae Se ee ee al ment, county agent work, machining, drafting, and painting. No phy- 
Ma ; of SISALKRAFT, FIBREEN,. sical defects. Available within one month after acceptance. Married. 
SISALTAPE AND COPPER-ARMORED siSatkRarr “8° 58. Salary $2700-3000. W-337 

sania ee AGRICULTURAL ENGINEER desires production or development en- 
gineering with industry; survey or project development with government 
agency; or college extension or research work.. BSAE deg, Pennsylvania 
State College, 1942. Experience as farm manager for absentee owner, 


A Handsome, Permanent Binder and diesel engineer on naval mine, patrol and escort vessels. No phy- 


sical defects. Available now. Single. Age 27. Salary open. W-339 


AGRICULTURAL ENGINEER desires design and development, sales 

A I U engineering, service, or educational work in farm machinery or electri- 

for GRICUL RAL ENGINEERING fication field. BSAE deg, Iowa State College, 1941. US Navy diesel en- 
gineering training, 4 months. Promotion to Lt. (Senior grade). No 

physical defects. Available up to Sept. 23 or after Feb. 1, 1947 (plan- 

only $] 75 ning additional study in electrical engineering if not employed before 


‘ 


Sept. 23). Married. Age 27. Salary open. W-341 


AGRICULTURAL ENGINEER desires research, development, service 
or teaching in soil and water, farm machinery, or farm structures field. 
BSAE deg, University of Minnesota, 1940. Experience as aeronautical 
map draftsman; chief of field party on airport survey; instructor in 
drawing and blueprint reading. Two years in Army Air Force. No 
physical defects. Available now. Single. Age 33. Salary $2000 min. 
W-342 


i : AGRICULTURAL ENGINEER desires research, extension, or project 
Al he ONLY binder that engineering work in rural electric or farm —— field. -—— ~ 

é c! University of Georgia, 1943. Army experience, 3% years, partiy in 
Y 3 — at wa? . bound book! Made of transportation. Promoted to 1st Lt. No physical defects. Available 
durable imitation leather, nicely Sept. 1-15. Single. Age 22. Salary $2400. W-343 


stamped on front cover and backbone, AGRICULTURAL ENGINEER desires college teaching and research 
5 : work. BSAE deg, Washington State College, 1933; MSA deg anc AE 

with name of journal and year and deg, 1939; Ph D in electrical-agricultural engineering, Towa State Cal: 
7 j " lege, 1946. Extensive experience in research, teaching, extension, 4 

: volume number, it will preserve your pa one administration in agricultural and electrical engineering 

journals permanently. Each cover holds 12 issues (one fields. No physical defects. Available on or before Oct. 1. Married. 


rol D bi ai bh e f Age 36. Salary open. W-344. 

~ ume). - _— squalene... at md = 2 a AGRICULTURAL ENGINEER desires design and development, sales 

minutes. Instructions easy to follow. Mail coupon for or service work in the power and machinery field, or work wit: firm 

f ll . _ : . l of consulting engineers. BSAE deg, South Dakota State College, 194! x 

ull information, or binder on 10-day free trial. perience with highway department as rodman and concrete inspector, 
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